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INVENTORS and PROGRAMMERS 

Robotic application and software breakthroughs can and will be made with our modular 
hardware. Advanced hardware components are available for follow on work. PUT YOUR 
IDEAS TO WORK TODAY! 


MOBILE ROBOT SYSTEMS 



KITTEN MINI ROVER A smaller. 
6" system, includes same 7 channel 
RC. motor controller and computer 
interface. KIT $200. ASSY $330. 

MINI ARM (the cats paw) adds pick 
up action. KIT $60. ASSY $100. 

RUG RAT (R2 micro rover) slightly 
smaller. KIT $200. ASSY $330. 

NAVIGATION AND TRACK- 
ING INQUIRE 


ROVER ROBOT SYSTEM A med 

ium weight (9 lb. 12" wide) computer 
controlled robot with radio link. With 
RC etc. KIT $350. ASSY $580. 

VACUUM CLEANER ADD ON 
UNIT A 12V Black and Decker 
vacuum cleaner with conrol circuit 
and height control RC. KIT $90. 
ASSY $150. 

ARM ADD ON UNIT (see RO- 
BOT IV) Allows mobile robot to pick 
up objects. KIT $150. ASSY $250. 



SOFTWARE and COURSEWARE 

Introductory software and courseware is now available for all systems. SPECTRON 
will also market— WITH ROYALTY PAYMENT— independently developed advanced soft- 
ware and courseware to work with our robotic systems. 

RADIO CONTROL SYSTEMS Allows your full computer power to be used to con- 
trol one or more mobile robots. Also allows tracking with stationary vision units and 
memory intensive room mapping for practical chores. Bidirectional DUPLEX RC avail- 
able, inquire. See catalog for servos etc. RC systems include user port interface for 
VIC/C64 and also allow manual radio control of robots. 


RADIO CONTROL SYSTEM 7 

channel proportional rcvr, xmtr and 
comp, interface. KIT $100. ASSY 
$165. 

MOTOR CONTROL CIRCUIT 

Controls 2 motors. KIT $20. ASSY 
$30. 

32 CHANNEL RC Block switching 
circuit. KIT $40. ASSY $65. 

AUDIO COMMUNICATION 
LINK Analog/digital return path from 
sensors on robot. KIT $25. ASSY 
$40. 

EXPERIMENTERS 

Our affordable hardware allows hands on experience with advanced technology in all 
areas of ROBOTICS and INTELLIGENT MACHINES. If you want to do more than 
read about it, try at least our ELEMENTARY AUTOMATION KIT. $25. 

INTERMEDIATE AUTOMATION 

KIT With servo and interface circuit, 

A/D circuit and much more. KIT $50. 

COMBINATON EXPERIMENT- 
ERS KIT. Has INT. + ELEM.+ 

BUILDERS KIT. A/D. DAC temp. pos. 
force sensors. KIT $100. 

COMPONENTS FOR SPECIAL 
AUTOMATION servos, sensors, in- 
terface. etc. 



SCIENCE FAIR PROJECT IDEAS 

A booklet with timely research ideas for science fair projects. Credible and relevant 
research topics which either use the power of computer automated data acquisition 
as a tool or involve machine vision and intelligence. Order booklet alone for $10 ppd. 
With AUTOMATION KIT $5. Included with EXPERIMENTERS KIT. 



LOW COST-MODULAR SYSTEMS 


for experimental work with 

ROBOTICS AND MACHINE INTELLIGENCE 


EDUCATORS 

We offer hardware and courseware for demonstrations, lab work and student projects 
in all areas of ROBOTICS. MACHINE VISION and ARTIFICIAL INTELLIGENCE. Our 
modular systems allow both students and instructors to start with low cost and easy 
to understand systems and progress in logical steps to state of the art technology. TRULY 
EDUCATION ORIENTED FOR TOMORROW! 


For educators we particularly recommend the ROBOT I + VIS (combination package) 
and the VISION 2D systems for starters, with the ROBOT IV + VIS/TAC (combination 
package) for more advanced work. The COMBINATION EXPERIMENTERS PACKAGE 
is outstanding for special student projects. 


ROBOT I Two axis robot arm. 
Can draw, pick up game markers, 
etc. A good introduction to coor- 
dinate transformations, teach mode 
and direct programming, and robot- 
ic hardware. KIT $125. ASSY $210 

ROBOT l + VIS COMBINA- 
TION PACKAGE With vision sys- 
tem which allows part recognition, 
sorting and alignment, and VIC 
ADX interface circuit. KIT $200. 
ASSY $330. 




ROBOT IV A traditional pick and 
place robot. Three dimensional 
motions + gripper rotation and 
closure. KIT $250. ASSY $415. 

ROBOT IV + VIS/TAC COMBI- 
NATION PACK Adds vision and 
tactile sensing to above for ad- 
vanced experiments. Allows demo 
of all present robot assembly tech- 
niques & programming methods. In- 
cludes VIC or C64 interface. KIT 
$400. ASSY $660. 


VISION — OUR STRONGEST AREA 
ABSOLUTELY ALL vision techniques can be tested and demonstrated with even our 
lowest cost vision systems. Future software techniques can be developed and tested 
with them. Higher speed vision systems are available from SPECTRON for upgrades 
to “on line” speeds. VISION IS ESSENTIAL TO INTELLIGENT AUTOMATION. 

VISION 2D Our most versatile vision system. Provides full grey scale TV type scan- 
ning. 256 grey levels, or extra wide range log mode. Mechanical x-y scanning, speed 
matches speed of basic program accepting pixel data. Uses interface circuits from robot 
systems. Use for pattern recognition, tracking, image processing experiments, intru- 
sion detection and more. KIT $135. ASSY $225. 

VISION I Panoramic “line scan” 
system. Good for robot tracking 
and demos. KIT $100. ASSY 
$165. 

VISION I STEREO/TWIN 

Adds power to triangulate for 3D 
distance reading. KIT $150. ASSY 
$250. 

VISION 2D PING PONG 
TRACKER For robot contest. 

Quadrant detector circuit. KIT 
$165. ASSY $275. 



SENSORS-THE KEY TO INTELLIGENCE 

We offer compatible sensors and data acquisition systems to measure force, position, 
magnetic field, temperature, noncontact proximity, pressure, weight, noncontact orien- 
tation and gauging, acoustical signals, radio links, infrared radiation, photometers, spectral 
analysis; one, two and three dimensional vision systems. 


DEALERS WANTED 

Advanced systems available including INDUSTRIAL VISION SYSTEMS. 

WRITE OR CALL FOR CATALOG 

SPECTRON INSTRUMENT 

1342 W. Cedar Ave. Denver, CO 80223 

Telephone (303) 744-7088 
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Editorial 


ENTER THE SERVICE ROBOT 


“That’s a very nice-looking robot. What does it do?” 

That question seems to evoke groans and sighs from just 
about everyone who knows that the current “personal’' 
robots aren’t supposed to “do” anything. I agree that the 
major use for the current crop of robots is experimenta- 
tion and education. The Heath HERO 1 is a prime exam- 
ple of a robot aimed squarely at this educational market 
and which has captured a sizeable portion of that market. 
However, there are a limited number of schools out there 
wishing to purchase a $1500 dollar machine. 

There seem to be few, if any, robot manufacturers in either 
the industrial or experimental marketplace that are show- 
ing a profit. Every time I turn around, I hear about another 
robot manufacturer in financial trouble. A recent report 
on industrial robots suggests that none of the major manu- 
facturers are showing profits. At the same time, major per- 
sonal robot manufacturers like Androbot and RB Robot 
are also having financial difficulties. So, how do you make 


any money with robots? One possibility is to consider 
another class of robot, the service robot. 

Service robots are not exactly industrial, nor are they 
personal machines. Service robots are small, well- 
constructed, motile beasts that do something. That’s the 
key idea. It probably doesn’t matter what they do, as long 
as it is something useful, necessary, and economically 
sound. Now, in general terms, what segment of the Ameri- 
can market is large, always looking for new ways to im- 
prove business, and wants economical solutions? Answer— 
the small business owner. A large part of the American 
economy is built around small shops and businesses. Let’s 
design a robot which is useful for the business consumer. 


EVERYONE’S DREAM APPLICATION 

For years people have talked about building a robot that 
vacuums the house. Although several robots are supposed 


Continued on page 42. 



VOICE COMMAND 
FOR PERSONAL COMPUTERS 


MICROEAR is a powerful microprocessor controlled speech recognition unit that allows you to communicate 
with your computer by voice. Any personal computer with a RS232 serial port can interface with MICRO # EAR. 
The unit is housed in an attractive case and comes with a wall mount power supply and microphone. 


MICRO*EAR specifications include: 



• CMOS 65C02 Microprocessor 

• 4K of CMOS ROM contains all 
programming 

• Speaker dependent with 98% word 
recognition accuracy (training 
required) 

• Low power cool running CMOS 
design 

• Upload or download words or word 
groups 

• 255 words or phrases 

• All necessary cable and hardware is 
included 


• I6K of fast static CMOS RAM bat- 
tery backed so memory lasts months 
even with power off 

• Words recognized in milliseconds 

• Available in 300 BAUD or 1200 
BAUD models 

• Complete instructions, schematics, 
training sessions, operational hints, 
and demo software are included 


MICRO*EAR SYSTEM 

300 BAUD $579 
1200 BAUD $599 



MICROMATION INC. 


9104 Red Branch Rd. 
Columbia, MD 21045 

(301) 730-1237 


Call or write for information about these 
and other products. 

MasterCard/Visa/Check/Money Order 
Add $3 for shipping 
Allow 3 weeks for delivery 
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Letters 


What to do with a Robot 

“Well R2, 1 think we should go this way, I am 
sure that this is the way we want to go.” I believe 
I have heard this phrase uttered from the me- 
chanical voice box of an all-too-well-known 
robot, C3PO. The rest of the story is that this 
rather articulate robot walks off into the sunset 
with his little buddy R2D2 following close 
behind. 

This scene, the hero and his sidekick, has 
been stolen from every cowboy movie ever 
made. Unbelievably, there are people waiting 
for these creatures to show up in their own daily 
lives. The purpose? To clean house, fix machin- 
ery, and have outrageous space adventures. 

1 have no doubt that after a few technical 
quantum leaps, such creatures will be bother- 
ing humanity. Until then, I think we need to 
look at just what the technology of today can 
do to entertain and help us in our daily work. 
The following opinions are my own and are not 
necessarily based on hard fact. However, I 
believe my thoughts are valid. 

“Don’t be a pioneer” is an operating assump- 
tion of the company for which I work, Link 
Telecommunications, Inc. Pioneers get arrows 
in their backs. Use what has already been 
proven to do the job. This applies in the ut- 
most to robots. Link Telecommunications is not 
trying to make these little creatures climb stairs, 
clean the pool, or cook dinner (at least not at 
first). However, we have found some very sim- 
ple and useful tasks that robots can do today. 

Some of the things listed here are already be- 
ing developed and will probably be found on 
retail shelves this fall and next spring. Some 
are projects that won’t materialize for a year or 
two. 

Robot portable telephone— I hate getting up 
to answer the phone. It makes more sense to 
have the phone come to you. 

Home security robot— fire alarms, intrusion 
alarms, and motion alarms are currently devices 
that hang on the wall and usually look out of 
place. Why not have a cute robot to do these 
tasks? 

Interoffice mail delivery— I know that there 
are some of these devices out now, but they cost 
too much. A really inexpensive mail deliverer 
would allow each person, or group of people, 
to have their own private message robot. They 
could send the robot off to its destination and 
expect it to come back after delivering the 
message. 

Playmates for children— when combined with 
control languages like Logo or Androtext robots 
are more fun then the old dirt-in-the-truck 
routine. For that matter, personal robots should 
be constructed to work in backyard dirt and 
lawns. 
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Health care units— robots could take blood 
pressure and other vital signs and keep the doc- 
tor informed of the results. Robots could be 
companions for elderly folks who have trouble 
getting around. Robots would also be useful for 
bringing household items to anyone whose mo- 
tion is restricted. 

Toys— what’s wrong with a toy robot that does 
more than just walk into walls? It doesn’t have 
to do much. I personally like toys and would 
appreciate a well-made toy robot to while away 
some of the boredom of a rainy weekend. 

Measuring tools— put a laser rangefinding 
system in the robot’s head and construction 
crews would have a handy device for measur- 
ing distances. 

Prison guards— use a robot to walk up and 
down the halls making bed checks. If the robot 
get damaged, it can be replaced. A human life 
is priceless. 

Floor sweeper— many industries have preset, 
rigid environments. A grocery store with 
straight, regular aisles lends itself to having 
robot floor sweepers. The robots could double 
as security devices. 

These few ideas may be viewed by some peo- 
ple as frivolous or expensive, but my criteria for 
robots are simple: 

• Use today’s technology, not the future’s. 

• Make it cheap and easy to replace. 

• It is better to have the robot perform a few 
functions well than many functions poorly. 

• Make the robots visually pleasing. 

• Make them fun and helpful. 

The simplest things in nature work best. Sim- 
ple robots performing simple tasks are within 
our current capabilities. 

Mike Halverson 
National Sales Manager 
Link Telecommunications, Inc. 
3850 Annapolis Lane 
Plymouth, MN 55447 

Attention Lispers 

I am interested in establishing relationships 
and exchanging ideas with others working in 
the field of Artificial Intelligence. My experience 
is limited, using an IBM PC with muLISP-83, 
but my intention is to continue to explore AI 
especially where it can be applied to corporate 
and commercial uses. I would like to hear from 
anyone with similar interests. 

Kevin A. Curtis 
81 Columbia Ave 
Hopewell, NJ 08525 

Avnet Address 

Help! In the Hayden Books collection of 
Robotics Age reprints, “In the Beginning,” page 


174 contains plans for a “robot digestive tract.” 
The parts list refers to a General Instrument 
Optoelectronic TVpe-400 AC line monitor, 
powered to logic opto-isolated interface IC. The 
article states that the chip is available from 
Hamilton Avnet. Could you please tell me how 
to contact these people? 

Chois Blackwell 
306 Webb 
Waco, TX 76705 

Hamilton Avnet can be reached at 50 Tbwer 
Office Park, Woburn, MA 01801. General In- 
strument is located at 600 W Johns St., 
Hicksville, NY 11802. 

Purdue Course 

A list of schools and colleges offering courses 
and/or programs in robotics or robotics-related 
subjects was listed in the January 1984 issue 
of Robotics Age. This article also stated that 
the information was obtained from a RI/SME 
directory. 

Would you please let me know what the pro- 
cedures are for getting listed in the directory? 
Our school received an SME grant in 1982 and 
obtained a Mini-Mover 5 and some course 
development funds from SME. We started our 
first Robotics Applications Course, MET-365, 
using Joseph Engelberger’s book “Robots in 
Practice” as a text. The course is a 3 credit hour 
course with two hours of lecture and two hours 
of laboratory work on learning to program the 
robot with the Apple II computer. We have three 
Mini-Mover 5 robots in our laboratory backed 
up by three Apple II computers. 

The course is required in our Manufacturing 
Engineering Technology degree program and 
an elective in any of our other degree programs 
within the School of Technology. We believe 
that we are one of the first units in the Purdue 
system to provide an undergraduate course in 
the robotics field. 

I would appreciate any information about the 
listing which you can provide. 

Professor Donald J. McAleece 
CMfgE (Robotics) 
Indiana University— Purdue University 
at Fort Wayne 
2101 Coliseum Boulevard East 
Fort Wayne, IN 46805 

The directory was published by the Society 
of Manufacturing Engineers. I do not know if 
they intend to publish a second edition. The per- 
son to speak to is Peter Blake at Robotics In- 
dustry Association, Education and Training 
Division, One SME Drive, PO Box 930, Dear- 
born, MI 48121. 



PERSONAL ROBOTS 

peripherals and software for Personal Robots 


MICROMATION proudly presents a peripheral for HEATHKIT’S® HERO-1 robot which elevates the robot to a new level of sophistication. We 
call this peripheral a Voice Command System (or VCS) because it not only consists of a Voice Recognizer (VOREC), but also an advanced level 
machine Voice Command Language (VOCOL) program for the robot which allows you to program robot movements by voice. Highlights of 
these two important parts of the VCS are described below. 

VOICE COMMAND SYSTEM FOR HERO 

VOREC* VOCOL 


VOREC is a powerful, microprocessor controlled, speech recogni- 
tion board which mounts next to, and interfaces with, our HERO MEM- 
COM BOARD. VOREC has the following features and specifications: 

• Speaker-dependent recognizer with nearly instantaneous word recogni- 
tion rates. 

• Recognition accuracy about 98%. 

• Vocabulary of up to 256 words (stored as 16 word groups with 16 
words in each group for greater recognition accuracy). 

• I6K of onboard static RAM of which I4K is battery backed to retain 
recognized word parameters during power down. 

• RS232 port for receiving commands from, and reporting status and 
words recognized to, the host (HERO). 

• Requires only an external speaker for audio input rather than a 
microphone. (Allows robot to receive commands from up to 15 feet 
away.) 

• Utilizes high speed (HC) CMOS chips and the new CMOS 65C02 
microprocessor for ultra low power consumption. Complete board con- 
sumes an incredibly low 45 ma while active and I ma when inactive. 

• Speech recognition is accomplished by a software algorithm contain- 
ed in a 2K EPROM. (Future product updates will require only replace- 
ment of this EPROM.) 

• COMPATIBLE WITH ALL PERSONAL COMPUTERS 


The VOCOL software is more amazing than the voice recognition 
hardware. VOCOL is a high level language for the robot which sup- 
ports both deferred and immediate execution modes. The only difference 
is in BASIC you “write it,” and in VOCOL you "speak it." The soft- 
ware is provided on an EPROM which plugs into a memory socket on 
our HERO MEMCOM BOARD. VOCOL has the following principal 
features: 

• When first run, the robot talks you through a voice training session. 

• Following this training session, you can talk in a program of movements 
for later execution, or command immediate movement by voice. 

• The robot prompts you for a command and when received, repeats 
it for verification. If verified and in the immediate execution mode, the 
robot will execute the movement. If in the deferred execution mode, 
the robot proceeds to write a machine language program in its memory 
for later execution. When your program of movements is complete, 
you signify this with a spoken “STOP” command. A spoken “GO” com- 
mand will then cause the robot to execute the program it wrote in 
memory. After execution, the robot returns to the command mode. 

• Complete instructions and installation manual. 


The Voice Command System manual contains a complete description of how to use the VOREC board under program control from HERO. 
The 6808 Source Code for VOCOL is available on an APPLE DOS 3.3 disk. This source code is compatible with the SC-6800 CROSS ASSEMBLER. 

TOTAL SYSTEM PRICE: $595.00 

VOICE COMMAND SYSTEM WITH MEMCOM BOARD: $920.00 


HERO MEMCOM BOARD* 


APPLE-HERO COMMUNICATOR 


The MEMCOM board provides a means to develop programs for the 
robot using a personal computer, expanding the robot’s memory with 
an additional 30K of RAM. The MEMCOM board includes: 

• Two 8-bit bi-directional parallel ports with handshaking lines for super- 
fast data transfers between the robot and a computer, plus two 16-bit 
timers. 

• An RS232 serial port for two-way communications between the robot 
and any computer having an RS232 serial port. 

• Serial communications software in an onboard EPROM which allows 
uploading/downloading of programs via the serial port. 

• Sixteen 2K RAM chips in sockets so 2K EPROM chips may be 
substituted, if desired. "Memory Protect” and “RAM Supply” are used 
for each RAM chip so programs will not be lost when robot enters 
"sleep” mode. 

• A large (2"x 5") wire-wrap area with CPU address, data and control 
lines, ± 5V, ground, and others readily available. All hardware and cables 
necessary to mount board on rear door of robot and connect board 
to the robot’s CPU board. 

• Complete instruction manual and schematics. 

• COMPATIBLE WITH ALL PERSONAL COMPUTERS 

PRICE: $345.00 


The communicator board provides the hardware and firmware 
necessary to implement two-way high speed parallel communication be- 
tween an APPLE® computer and a HERO-1 robot equipped with our 
HERO MEMCOM board. The S-C MACRO ASSEMBLER and 6800 
CROSS ASSEMBLER provide the software support necessary to develop 
programs for HERO. The Communicator board includes: 

• A peripheral card for an APPLE that contains two 8-bit parallel ports 
with handshaking lines, and two 16-bit timers. 

• A ribbon cable assembly (5 feet long) for connecting the parallel ports 
on the card to those on the HERO MEMCOM board. 

• Data transfer software for the communicator board and the HERO 
MEMCOM board burned into two 2716 EPROMS. These programs pro- 
vide ultra fast two-way communications. 

• A disk containing heavily commented 6808 and 6502 source codes 
for the communications software. These source codes are compatible 
with the S-C MACRO ASSEMBLER and the S-C 6800 CROSS 
ASSEMBLER available for the APPLE from the S-C SOFTWARE COR- 


PORATION or MICROMATION. Programs developed using the S-C 
6800 CROSS ASSEMBLER can be immediately downloaded and run on 
the robot using this product and our HERO MEMCOM board. 

PRICE $159.00 

Hero is the trademark of Heath Co. 

Apple is the trademark of Apple Computer Inc. 



MICROMATION INC. 


9104 Red Branch Rd. 
Columbia. MD 21045 

( 301 ) 730-1237 


Call or write for information about these 
and other products. 

MasterCard/Visa/Check/Money Order 
Add $3 for shipping 
Allow 3 weeks for delivery 
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Calendar 


JULY s 

9-12 July. 1984 National Computer Conference. 
Las Vegas Convention Center, Las Vegas, NV. 
Contact: TVudi Riley, AFIPS, 1899 Preston 
White Drive, Reston, VA 22091, telephone (703) 
620-8952. 

Enhancing Creativity is the theme of the 
twelfth annual NCC. The conference will focus 
on how the widespread availability of computing 
resources is altering the office, factory, and 
home. 

23-27 July. SIGGRAPH '84. Minneapolis, MN. 
Contact: SIGGRAPH Conference Office, 111 
East Wacker Drive, Chicago, IL 60601, tele- 
phone (312) 644-6610. 

This year’s SIGGRAPH Conference attendees 
will be treated to a vast array of technical and 
exhibit offerings. The program includes up to 
30 one- or two-day courses, panels on topical 
computer graphics issues, a larger number of 
exhibits, a design arts show, and the premiere 
of the first totally computer-generated Omnimax 
film. Presented papers cover ray tracing tech- 
niques, graphics hardware, visible surface algo- 


rithms, interactive systems, shading and textur- 
ing, algorithms for painting and matting, and 
graphics standards. 

30 July-3 August. Robot Manipulators, Com- 
puter Vision, and Automated Assembly. MIT, 
Boston, MA. Contact: Director of the Summer 
Session, Room E19-356, Massachusetts Insti- 
tute of Technology, Cambridge, MA 02139. 

A short course given at MIT to prepare par- 
ticipants for the sophisticated methods soon to 
be employed in advanced automation. The em- 
phasis is on developing strategies for the solu- 
tion of problems in sensing, spatial reasoning, 
and manipulation. The use of existing industrial 
robots and binary vision systems is also covered. 

30 July-3 August. Robotics: Concepts, Theory, 
and Applications. University of Michigan. Con- 
tact: The University of Michigan, College of En- 
gineering, Engineering Summer Conferences, 
Chrysler Center, North Campus, Ann Arbor, MI 
48109, telephone (313) 764-8490. 

Course covers concepts and mathematics of 
computer-based robots. Topics include kine- 
matics, dynamics and control, robotic vision, 


integration of sensor systems, robotic languages, 
economic justification, and applications. Lab- 
oratory sessions using PUMA robot arms illus- 
trate the concepts presented in the lectures. 


AUGUST 

1-3 August. The Computer: Extension of the 
Human Mind. Eugene, OR. Contact: Summer 
Conference Office, College of Education, Uni- 
versity of Oregon, Eugene, Oregon 97403. 

This conference, the third annual computer 
and instructional technologies conference to be 
sponsored by the Center for Advanced Tech- 
nology in Education, will focus on the needs 
of the individual who has become responsible 
for school and district level use of computers 
and other emerging instructional technologies. 
Both general and special interest group sessions 
will be supplemented with an extensive vendor 
hall and film/video theater related to computer 
technology in education. Pre- and post- 
conference workshops will be conducted on the 
educational uses of computers. 


Micromint will put both a computer 
development system and an OEM dedicated 
controller in the palm of your 
hand for as little as $105* 



quantities of 100 


Z8 CROSS ASSEMBLERS 
FROM ALLEN ASHLEY 
For TRS-80 Model I (XAS01) . 
For TRS-80 Model III (XAS02) 

CP/M 2.2 8" (XAS03) 

Northstar 5 / 4 " (XAS04) 

FROM MICRO RESOURCES 

CP/M 2.2 8” (MR01) 

Apple II CP/M 5 '/*" (MR02) . . 
6502 based systems (MR03) . . 
IBM PC 5%" (MR 04) 


$ 75 
$ 75 
$150 
$ 75 


$ 75 
$ 75 
$ 75 
$ 75 


Z8 BASIC SYSTEM CONTROLLER 

(BCC11). . $149 

NEW Z8 FORTH SYSTEM 

CONTROLLER (BCC21) . . $280 

NEW TERM-MITE Z8 BUS COMPAT- 
IBLE INTELLIGENT TERMINAL 
BOARD (BCC22). . $284 

Z8 Expansion Board 

w/8K memory (BCC04) . . 

Z8 Mother Board 

w/ 5 gold connectors .... (MB02) . . 

Z8 EPROM Programmer . . (BCC07). . 

Z8 Serial Expansion Board . (BCC08) . . 

Z8 BASIC A to D Converter (BCC13) . . 

Z8 BASIC 16K Memory Expansion 

(BCC15). . 


To Order : 

Call Toll Free 
1-800-645-3479 

For Information Call: 

1-516-374-6793 



561 Willow Avenue 


Cedarhurst, NY 11516 

Z8 is a trademark of Zilog Inc. 
CP/M is a trademark of 
Digital Research 


$180 

$ 69 
$145 
$160 
$140 

$155 


UO-LISP 


A LISP Programming Environment 

An Excellent System for 
A.I., Robotics & Intelligent Systems 
An Optimizing Compiler and Assembler 



Fast Load Libraries 

Compiled code can be stored 


Documentation 

Comprehensive manual 
covering all aspects of the 
system. Numerous examples 
of each facility are included. 

Interpreter 
Over 125 functions 
implemented in 
the base interpreter. 
Additional Development and 
Example Software Available. 

relocatable files. 


Requirements 

CP M System. Also available for TRS 80 Model I 
or Model III 48K dual disks. 


Ordering 

Systems Manual $ 35.00 

Basic System $100.00 

Development System . . $250.00 


VISA and Mastercard 

Please include expiration date and Card No. 

Write for your FREE copy of our catalog 



Northwest 

Computer Algorithms 

PO. Box 90995, Long Beach, CA 90809 (213) 426-1893 
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5-8 August. Lisp and Functional Program- 
ming. University of Texas at Austin. Contact: 
Robert S. Boyer, University of Texas at Austin, 
Institute for Computing Science, 2100 Main 
Building, Austin, TX 78712, telephone (512) 
471-1901. 

This is the third in a series of biennial con- 
ferences on the Lisp language and issues related 
to applicative languages. Areas of interest in- 
clude implementation problems; programming 
environments; large implementations; support 
tools; architectures; microcode and hardware 
implementations; significant language exten- 
sions; lazy evaluation; functional programming; 
logic programming; combinators; FP; APL; 
Prolog; and other languages. 

20-24 August. National Conference and Ex- 
hibition on Robotics-1984. Melbourne, 
Australia. Contact: The Conference Manager, 
Institution of Engineers-Australia, 11 National 
Circuit, BARTON, A.C.T. 2600, AUSTRALIA, 
telephone (062) 73-633. 

This conference promises to be the most im- 
portant Australian robotic event held to date. 
It will have a strong application and education 


emphasis. Leading Australian robot users, de- 
velopers, and researchers will present their ex- 
perience and views on this important high- 
technology area. 

27-30 August. Adaptive Control— Design and 
Applications, Course. University of California, 
Berkeley, CA. Contact: Continuing Education 
in Engineering, University of California Exten- 
sion, 2223 Fulton St, Berkeley, CA 94720, tele- 
phone (415) 642-4151. 

Intensive four-day course intended for pro- 
fessionals engaged in the design and implemen- 
tation of modern control systems, such as en- 
gineers and computer-applications specialists 
involved in designing real-time monitoring and 
control systems or in developing control soft- 
ware. Emphasis will be on providing a clear un- 
derstanding of various adaptive control tech- 
niques, including on-line identification schemes, 
as well as on future trends in system design. 
Case studies and computer laboratory sessions 
will supplement course lectures. 

29-30 August. An Applications-Oriented Ap- 
proach to Artificial Intelligence (Course 


994DC). George Washington University, Wash- 
ington, DC. Contact: George Harrison, George 
Washington University, Continuing Engineer- 
ing Education, Washington, DC 20052, tele- 
phone (202) 676-6106. 

The purpose of this course is to provide an 
understanding of the design, application, and 
implementation of an intelligent system based 
on artificial intelligence processing techniques 
that are directly applicable to the solution of 
practical problems. The course also discusses 
how to choose from among the many available 
options in selecting or designing intelligent 
systems based on artificial intelligence process- 
ing techniques. The program is intended for 
project and design engineers, scientists, systems 
analysts, and technical managers who have re- 
sponsibilities for specifying, designing, and im- 
plementing artificial intelligence-based systems. 


SEPTEMBER 

10-13 September. 10th Annual Advanced Con- 
trol Conference. Fowler Hall, Stewart Center, 
Purdue University, West Lafayette, IN. Contact: 



I.-. " . 

I 


COMPUTER 
CONTROLLED 
ROBOTICS 

1. DRIVER BOARD 5005 DB $75 

4.5” x 3.8" xO.5”, TTL/CMOS COMPATIBLE, 

OPTICALLY INSOLATED, FOR 4 PHASE MOTORS 2AMPS/50 VOLTS 

ZLINEAR ACTUATOR 601 AM $ 75 

12V/12W, 16 OZ, .OOl” STEP SIZE 
_ 19 LBS HOLDING FORCE. 3 IN TRAVEL 

3 . LINEAR ACTUATOR 501AM $43 

12V/3.5W, 1.5 OZ, .002” STEP SIZE 
40 OZ HOLDING FORCE, 1.88 IN TRAVEL 

4 . STEPPER MOTOR 201 SM $16 

5V/2W, 1.0 OZ, 15° STEP SIZE 
0.8 OZ/IN HOLDING TORQUE 

5 . STEPPER MOTOR 301 SM $ 59 

12V, 21.5 OZ, 1.8° STEP SIZE 
80 OZ/IN HOLDING TORQUE 

6 . MOTOR MOUNT FOR 301 SM $25 
7 MOTOR MOUNT FOR 501 AM $ 12 
8 . MOTOR MOUNT FOR 501 AM $ 13 


n*AMSIcoRP~ 

mtM BOX 651 , SMITHTOWN, LI., N.Y. 1 1 787_ 

TERMS Check Money Order. C O D VISA or MasterCard 
Purchase Orders from Accredited Institutions 
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ROBOTICS AGE 
BACK ISSUES 


SUMMER 1979: Digital Speed Control of DC 
Motors; Industrial Robots 79; Introduction to Robot 
Vision; The Grivet Chess-Playing Arm. 

(photocopy) 

WINTER 1979: Advances in Switched-Mode 
Power Conversion, Part 1; Prospects for Robots in 
Space; Robotics Research in Japan, Report from 
IJCA16. 

SPRING 1980: Microcomputer Based Path Con- 
trol; Robotics Research in France; Multiple Sensors 
for a Low-Cost Robot; the Robots of Autofact II; In- 
side Big Trak. 

SUMMER 1980: Industrial Robots; Today and To- 
morrow; Introducing the Minimover 5; Advances in 
Switched Mode Power, Part II. 

FALL 1980: Using Optical Shaft Encoders; Inter- 
view with Victor Scheinman; Robot Vision for In- 
dustry; The Autovision System; Industrial Robotics 
’80; Robots on Your Own Time; Superkim Meets 
ET-2. 

JAN/FEB 1981: A Robot Arm Without a Budget; 
An Interview with Joseph Engelberger; Robots V— 
Dearborn 1980; Robots on Your Own Time; Opto 
“Whiskers,” Robot Toy Designs. 

MAR/APR 1 981 : Video Signal Input; Chain-Code; 
Camera Geometry for Robot Vision; TIG Welding 
with Robots; Robot Digestive Track— Robots on Your 
Own Time. 

MAY/JUNE 1981: Rehabilitative Robots; A 
Homebuilt Computer Controlled Lathe; An Interview 
with Charlie Rosen; Superkim Meets ET-2, Part II. 

JULY/AUG 1 981 : Segmenting Binary Images; The 
Robot as Transfer Device; Continuous Path Control 
of Stepper Motors; TIMEL: A Homebuilt Robot. 

SEP/OCT 1981: Bullish Days in the Robot 
Business: Edge Detection in Man & Machine; Con- 
tinuous Path Control with Stepping Motors; Build a 
Low-Cost Image Digitizer, Report from JACC-81; The 
Robot Builder’s Bookshelf. 

NOV/DEC 1 981 : Teach Your Robot to Speak; Fast 
Trig Functions for Robot Control; An Interview with 
George Devol; The Great Japanese Robot Show; 
TIMEL: A Homebuilt Robot, Part II. 

JAN/FEB 1982: Avatar: A Homebuilt Robot; A 
Look at SS-50 Computer Boards; Working Within 
Limits; Ambulatron: Another Contest Winner; 
Quester. 

MAR/APR 1982: The Rhino XR-1: A Hands-On In- 
troduction to Robotics; Power for Robots; A Com- 
puter Controlled Sentry Robot: A Homebuilt Project 
Report; Natural Language Understanding: A First 
Look; RT-13 Video/Sound Recognition System; An 
Inexpensive Hand; Type ’N Talk. 

MAY/JUNE 1982: Part Sources for Robots; An In- 
expensive Arm-Hand System; The Polaroid P100 
Polapulse Battery: Solution Waiting for a Problem; 
New Robot Books for the Bookcase: Applying Robot 
Vision to the Real World; Robots VI: A Landmark 
in an Exciting Era; Photo Essay and Notes from 
Robot VI. 

JULY/AUG 1982: The Microbot Teach-mover; 
Some Notes On the Rhino XR-1 and Minimover 5; 
Patent Probe; Use Your Apple As a Robotics 
Development System; IBM Robots; Adapting a 
Speech Synthesizer; Constructing an Intelligent 
Mobile Platform, Part I. 


SEPT/OCT 1982: Roving Robots; Report on SIG- 
GRAPH 82; Patent Probe No. 4,221,997; Construc- 
ting an Intelligent Mobile Platform, Part II; The 
Physics of One-Legged Mobile Robots. 

NOV/DEC 1982: Robot Wrist Actuators; Patent 
Probe; A Microcomputer Based, Real-Time Robot 
System; The Physics of One-Legged Mobile Robots; 
Part II; 1982 AAAI Conference; Armatron: A Study 
in Arm Engineering; Invention Documentation: A 
Primer. 

JAN/FEB 1983: The Move-Master RM-101; 
Mailmobiles in the Office; Teaching the Rhino XR-1 
to Write; The Philosophy and Birth of Computer 
Science; The 2-Roll Gripper. 

MAR/APR 1983: Nuclear Power Plant Emergen- 
cy Damage Control Robot; Artificial Intelligence and 
the Nature of Robotics; Patent Probe: Driverless 
Vehicle Autoguide; Lamberton Robots. 

MAY/JUNE 1983: Patent Probe: Multi-Purpose 
Mechanical Hand; XY Interpolation Algorithms; 
Designing With Optical Shaft Encoders; A Table of 
Contemporary Manipulator Devices; An Algorithmic 
Approach to Intelligent Robot Mobility. 

JULY/AUG 1983: The Get Away Special, Part I; A 
Nose for the Heath Hero-1; Patent Probe: Am- 
bulatory Platform; Robotics and the Law: Organiz- 
ing the Venture; A Table of Contemporary Manipu- 
lator Devices. 

SEPT/OCT 1983: ODEX 1: The First Functionoid; 
A Cog-Wheel Driven Robot Cart; A Table of Con- 
temporary Manipulator Devices; Patent Probe: A 
Portable Robot Task Analyzer; The Penpad: Hand- 
written I nput for Computers; The Get Away Special , 
Part II: Flight Preparations. 


NOV/DEC 1983: Complete Control with Forth on 
a Chip; A Simple Sense of Touch for Robotic Fingers; 
Current Offerings in Robotics Education; Single 
Board Computer Manufacturers; A Table of Contem- 
porary Manipulator Devices; Welding Apparatus 
with Vision Correction. 

JANUARY 1984: Robots in Batch Manufacturing; 
Super Armatron; Directory of Robotics Education 
and Training Institutions; A Table of Contemporary 
Manipulator Devices; Patent Probe: A New Robot 
Patent Category; Operator Roles in Robotics; The 
Scorpion: Software Overview. 

FEBRUARY 1 984: GRASP: From Computer Aided 
Robot Design to Off-Line Programming; Design and 
Construction of a Five-Fingered Robotic Hand; Pat- 
ent Probe: Omnidirectional Vehicle; Using Micro- 
processors with Radio-Control Servos; Designing 
a Reliable Voice-Input Robot Control Language; Part 

II, The Scorpion: Motor Control Instructions. 

MARCH 1984: Part I, Armega 33: Mechanical 
Design; Patent Probe: Robot Computer Chess; Part 

III, The Scorpion: Commands with Responses; A 
Simple Computer Interface. 

APRIL 1984: Closing the Sensor-Computer- 
Control Loop; Bipedal Balance; Patent Probe: Robot 
Warehouse; Part II, Armega 33: The Electrical 
Components. 

MAY 1984: Backyard Foundry for Sand Casting; 
Androtext, A High-Level Language for Personal 
Robots; Part III; Armega 33: Computer Control; 
Computers in the Real World. 

JUNE 1984: Introduction to Numerical Control Pro- 
gramming; Glossary of CNC and Machine Tool 
Technology; A Glance at Some Microprocessor 
Controlled CNC Tools; Intel's Bitbus Microcontroller 
Interconnect. 


f 

Copies Summer 79 $l5/ea. 

(photocopy) 

Copies Winter 79 $3.00/ea. 

Copies Spring '80 $3.00/ea. 

Copies Summer '80 $3.00/ea. 

Copies Fall ’80 $3.00/ea. 

. Copies Jan/Feb ’81 $3.00/ea. 

Copies Mar/Apr ’81 $3.00/ea. 

Copies May/June '81 ... . $3.00/ea. 

Copies July/Aug ’81 $3.00/ea. 

Copies Sept/Oct ’81 .... . $3.00/ea. 

Copies Nov/Dec ’81 $3.00/ea. 

I Copies Jan/Feb ’82 $3.00/ea. 

Copies Mar/Apr ’82 $3.00/ea. 

Copies May/June ’82. . ,$3.00/ea. 

Copies Jul/Aug ’82 $3.00/ea. 

Copies Sept/Oct ’82 $3.00/ea. 

Copies Nov/Dec ’82 $3.00/ea. 

Copies Jan/Feb ’83 $3.00/ea. 

Copies Mar/Apr ’83 $3.00/ea. 

Copies May/June ’83 ... . $3.00/ea. 

Copies July/Aug ’83 $3.00/ea. 

Copies Sept/Oct ’83 $3.00/ea. 

Copies Nov/Dec ’83 $3.00/ea. 

Copies January ’84 $3.00/ea. 

Copies February ’84 $3.00/ea. 

Copies March ’84 $3.00/ea. 

Copies April 84 $3.00/ea. 

Copies May ’84 $3.00/ea. 

Copies June ’84 $3.00/ea. 


Send to: 7/84 RA 

ROBOTICS AGE, 

174 Concord St., 

Peterborough, NH 03458 


□ SPECIAL OFFER: 

With my order of 10 or more back 
issues, please send me FREE, the 
photocopy of the Summer 1979 
issue— a $15.00 value! 

Send in your name, address, and payment to receive any back 
issues of ROBOTICS AGE you’ve missed. Payment must accom- 
pany order— back issues cannot be billed. 

For individual back issues add $1 .50 postage and handling for the 
first back issue. For each additional back issue add 50$. 

Total Postage and Handling 

Total Payment Enclosed 


NAME 


ADDRESS 


CITY STATE ZIP 

i 
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Calendar 


Edward J. Kompass, Control Engineering Maga- 
zine, 1301 South Grove Ave., PO Box 1030, 
Barrington, IL 60010, telephone (312) 381-1840. 

This year's conference celebrates the 25th an- 
niversary of the application of digital computers 
to industrial control. Tventy-two applications 
papers will support the four specially- 
commissioned, two-hour tutorials. Topics in- 
clude: a view of the beginnings and develop- 
ment of computer-based industrial control, the 
merging of discrete and continuous process 
control, the beginning of computer-based digital 
control systems, and a future scenario for 
computer-based digital control systems. Applica- 
tions papers cover: array processors, fiber op- 
tic data buses, micro and personal computer 
packaging for industrial applications, personal 
computer software packages for industrial con- 
trol, industrial I/O for personal computers and 
the role of humans in fully computerized in- 
dustrial plants. 

14-16 September. Heart of Texas Computer 
Show. Bayfront Plaza, Corpus Christi, TX. Con- 
tact: Heart of Texas Computer Show, PO Box 
12094, San Antonio, TX 78212, telephone (512) 
681-2248. 


The show features vendors displaying the lat- 
est in small business and personal computer 
systems, with robots, games, and other high- 
tech products. Educational seminars are also 
planned. 

24- 26 September. Robotics Seminar. IEE 
Education Center, Technology Park/Atlanta, 
Norcross, GA. Contact: Institute of Industrial 
Engineers, Conference Department, 25 Tech- 
nology Park/Atlanta, Norcross, GA 30092, tele- 
phone (404) 449-0460. 

The Robotics Seminar is designed to ac- 
quaint participants with the variety of equip- 
ment available and how and where robots might 
be used effectively. Special seminar features in- 
clude a full-day laboratory experience where 
participants can see robots in action and a 
workshop session for discussing and analyzing 
potential robot applications. 

25- 26 September. NASA Symposium on Pro- 
ductivity and Quality: Strategies for Improv- 
ing Operations in Government and Industry. 
Capitol Hilton Hotel, Washington, DC. Contact: 
Pamela Edwards, AIAA, telephone (212) 
5814300. 


The symposium is sponsored by NASA and 
organized and operated by AIAA. 

25-27 September. International Industrial 
Controls Conference and Exposition (IIC '84). 
Philadelphia Civic Center, Philadelphia, PA. 
Contact: Tower Conference Management Co., 
331 W. Wesley St., Wheaton, IL 60187, tele- 
phone (312) 668-8100. 

Preliminary session titles include: Advances 
in Information Flow Networks', Highways for 
Factory Automation', Vision; User-friendly Soft- 
ware for Programmable Controllers; Fiber Op- 
tics; and Robotics. 


OCTOBER 

2-4 October. 14th International Symposium 
on Industrial Robots. Gothenburg, Sweden. 
Contact: Swedish Trade Office, 4000 Town 
Center, Suite 202, Southfield, MI 48075, tele- 
phone (313) 352-6990. 

Nearly 1,000 delegates are expected to par- 
ticipate in this year’s symposium. In connection 
with the symposium, there will also be an ex- 
tensive international exhibition showing the 
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CORPORATION 


Workaholic. 


You'll be amazed at the reliable round-the- 
clock performance provided by Mack B A S-E®' 

Robots. Whatever the job, these advanced design 
automation systems will respond instantaneously to 
your command, performing every possible combination 
of movements . . . horizontal, vertical, lateral, wrist 
i rotation and roll motions. ___ ^ / 
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PV 
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ost deh^e parts or extremely 
o^t^erance operations. 
Mack' non-servo robotic systems 
are assembled from off-the-shelf components to insure delivery 
when you need it, and at the lowest possible prices. These ver- 
satile systems even enable you to add components as you need 
them far increased flexibility and productivity. 

S Robotic System to work for you now. Writ 
_ pl^lp^jus todSy for our informative product catalog. 

A product of U;S. A. 
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latest developments and achievements in the 
field of industrial robots. 

2-4 October. AUTOFACT 6. Anaheim Conven- 
tion Center, Anaheim, CA. Contact: Gregg 
Balko, Computer and Automated Systems As- 
sociation of SME, One SME Drive, PO Box 
930, Dearborn, MI 48121, telephone (313) 
271-1500. 

AUTOFACT 6 will feature a comprehensive 
program of tutorials and conference sessions 
covering the entire spectrum of computer- 
integrated manufacturing— from design and 
engineering, through fabrication, assembly, in- 
spection and testing, to shipping. 

2-5 October. Robot 84, Scanautomatic 84, and 
The 14th International Symposium on Indus- 
trial Robots. Gothenburg, Sweden. Contact: 
Swedish TYade Fairs Foundation, Box 5222, 
S-402 24 Goteborg, SWEDEN, telephone 46 
31 20 00 00. 

Three major international events devoted to 
the design, production, and uses of industrial 
robots will take place in the Swedish TYade Fair 


halls simultaneously in October. Robot 84 is an 
international exhibition of industrial robots and 
control systems for materials handling, assem- 
bly, and complex production tasks. Scanauto- 
matic 84 covers industrial computers and the 
pneumatic, hydraulic, and electronic compon- 
ents which provide the backup technology for 
industrial automation. The Symposium on In- 
dustrial Robots is organized jointly by the 
Swedish TYade Council, the Swedish TYade Fairs 
Foundation, and MEKAN, Sweden’s largest in- 
dustrial association. 

ACM-84, The Fifth Generation Challenge. San 
Francisco Hilton, San Francisco, CA. Contact: 
ACM-84, PO Box 32575, San Jose, CA 95152, 
telephone (415) 948-6306. 

The Japanese Fifth Generation supercom- 
puters pose a challenge to American computer 
manufacturers. The ACM-84 Conference topic 
areas attest to the concern about the Japanese 
challenge: supercomputers; developments in ar- 
tificial intelligence; robotics and sensing; the 
impact of the fifth generation; limits on tech- 
nology transfer; applications for the 1990s in 


TOTAL CONTROL 

FORTH: FOR Z-80®, 8086, 68000, and IBM® PC 

Complies with the New 83-Standard 

GRAPHICS. GAMES • COMMUNICATIONS# ROBOTICS 
DATA ACQUISITION . PROCESS CONTROL 


• FORTH programs are instantly 
portable across the four most popular 
microprocessors. 

• FORTH is interactive and conver- 
sational, but 20 times faster than 
BASIC. 

• FORTH programs are highly struc- 
tured, modular, easy to maintain. 

• FORTH affords direct control over 
all interrupts, memory locations, and 
i/o ports. 

• FORTH allows full access to DOS 
files and functions. 

• FORTH application programs can 
be compiled into turnkey COM files 
and distributed with no license fee. 

• FORTH Cross Compilers are 
available for ROM’ed or disk based ap- 
plications on most microprocessors. 

Trademarks: IBM, International Business Machines 
Corp., CP/M, Digital Research Inc.; PC/Forth + and 
PC/GEN, Laboratory Microsystems. Inc 


FORTH Application Development Systems 

include interpreter /compiler with virtual memory 
management and multi-tasking, assembler, full 
screen editor, decompiler, utilities and 200 page 
manual. Standard random access files used for 
screen storage, extensions provided for access to 
all operating system functions. 

Z-80 FORTH for CP/M® 2.2 or MP/M II. $100.00; 
8080 FORTH for CP/M 2.2 or MP/M II, $100.00; 
8086 FORTH for CP/M-86 or MS-DOS. $100.00; 
PC/FORTH for PC-DOS, CP/M-86, or CCPM, 
$100.00; 68000 FORTH for CP/M-68K, $250.00. 

FORTH + Systems are 32 bit implementations 
that allow creation of programs as large as 1 
megabyte. The entire memory address space of 
the 68000 or 8086/88 is supported directly. 

PC FORTH + $250.00 

8086 FORTH + for CP/M-86 or MS-DOS $250.00 

68000 FORTH + for CP/M-68K $400.00 

Extension Packages available include: soft- 
ware floating point, cross compilers, INTEL 

8087 support, AMD 951 1 support, advanced col- 
or graphics, custom character sets, symbolic 
debugger, telecommunications, cross reference 
utility, B-tree file manager. Write for brochure. 



Laboratory Microsystems Incorporated 

Post Office Box 10430, Marina del Rey, CA 90295 
Phone credit card orders to (213) 306-7412 


business, education, manufacturing, research, 
and the professions; and anticipated changes 
in society. 

10-12 October. InteRobot-West ’84. Long 
Beach Convention Center, Long Beach, CA. 
Contact: Tower Conference Management Co., 
331 W. Wesley St., Wheaton, IL 60187, tele- 
phone (312) 668-8100. 

InteRobot-West ’84 offers 20 technical con- 
ference sessions, three special-interest tutorials, 
and 80 internationally recognized speakers and 
session chairmen. Session titles include: In- 
dustry Overview ; Tboling Design ; Machine 
Languages ; Machine Vision; Machine Sensors; 
Robots in the Foundry; Personal and Educa- 
tional Robots; Education in Robotics; and 
Emerging Robot Applications. 

25-27 October. Robotics Seminar. HE Educa- 
tion Center, Technology Park/Atlanta, Norcross, 
GA. Contact: Institute of Industrial Engineers, 
Conference Department, 25 Technology Park / 
Atlanta, Norcross, GA 30092, telephone (404) 
449-0460. 

The Robotics Seminar is designed to ac- 
quaint participants with the variety of equip- 
ment available and how and where robots might 
be used effectively. Special seminar features in- 
clude a full-day laboratory experience where 
participants can see robots in action and a 
workshop session for discussing and analyzing 
potential robot applications. 


NO VEM BER 

4-9 November. Intelligent Robots and Com- 
puter Vision. Hyatt Regency, Cambridge, MA. 
Contact: SPIE— The International Society for 
Optical Engineering, Bellingham, WA 98227- 
0010, telephone (206) 676-3290. 

The emphasis for the 1984 conference is in- 
telligent robots, vision, and sensor systems. The 
intent of the sessions is to address and inter- 
change ideas on a wide range of applications, 
issues, and techniques for these advanced in- 
telligent systems. State-of-the-art technical 
design and modem equipment concepts will be 
presented. Topics to be addressed and for which 
contributed papers are requested include: gov- 
ernment and industrial programs in intelligent 
sensors and robotics; applications of intelligent 
sensor systems; statics, kinematics, dynamics, 
and control of robot systems; standards for sen- 
sors and robots; image processing; feature ex- 
traction; three-dimensional object representa- 
tion; use and application of artificial in- 
telligence; and image understanding in in- 
telligent robotics and computer vision. 
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PACK UP YOUR ROBOT IN YOUR OLD KIT 
BAG. TSE carrying and shipping cases can be 
used for transporting small and model robots. 
The model Reis robot shown here in its case 
can be packed securely away for transportation. 
Constructed of Lexan® the case’s interior foam 
protects the contents against shock and vibra- 
tion. The foam can be cut to fit the particular 
product needs. Perhaps now we can start think- 
ing about portable robots! 


TURTLE MOTORS. Attention, Tbrrapin Tlirtle 
owners: if you’re looking for spare Tlirtle parts, 
you should get in touch with Patrick Stakem 
at Interface Technology, Inc. Pat has purchased 
all of Terrapin’s hardware stock and is repair- 
ing their turtles. The stepper motors are sell- 
ing for approximately $35. The motors appear 
suitable for many different drive applications. 
Interface Technology, Inc. is at Box 745 Col- 
lege Park, Maryland, 20740, telephone (301) 
490-3608. 

ROBOTS BY MAIL. Rio Grande Robotics is 
claimed to be the first mail order firm in the 
US devoted exclusively to personal robotics. 
They have signed national distribution agree- 
ments with RB Robot Corp, Iowa Precision Ro- 
botics, Excalibur Technologies, and various kit 
manufacturers. Dealer agreements with other 
manufacturers are in preparation. The firm’s 
personnel have extensive experience in micro- 
computer training. In addition to the robot and 
robot-related hardware, Rio Grande Robotics 


plans to handle educational software. 

Rio Grande Robotics is located at 1595 W. 
Picacho #28, Las Cruces, NM 88005, telephone 
(505) 524-9480. 


MARK YOUR CALENDAR. Make your ar- 
rangements early for the 19th International 
Symposium and Exposition on Robots, to be 
held in Sydney, Australia in 1988, as part of 
Australia’s national Bicentennial celebrations. 
It will be the first time the International Sym- 
posia on Industrial Robots has been held out- 
side of the USA, Western Europe, or Japan. 
More than 1,000 delegates from home and over- 
seas will attend the November Symposium at 
Sydney’s Hilton Hotel. Thousands of people will 
have the opportunity to explore the world of 
robot technology at the concurrent Exposition. 

For more information, contact Ellen Mc- 
Arthur, Information Officer, The Australian 
Bicentennial Authority, GPO Box AUS 1988 
Sydney 2001, telephone (02) 236 1988. 


Now Your Computer 
Can See! 


“The MicronEye® camera is an ex- 
tremely versatile image-sensing device 
that can be used in many personal, scien- 
tific. or industrial applications. The unit’s 
cost makes it particularly attractive.” 
Chris Weiland 
“ BYTE” Oct. '83 

“Plug it in. turn it on. and you have 
pictures on your screen.” 

Ben Dunnington 
"INFO-64" 

"Strongly recommend the Micron- 
Eye to anyone working with computer 
vision." 

Mike Rigsby 
"Color Computer” Nov. “83 

”... well engineered, superbly doc- 
umented. crawling with support soft- 
ware . ‘ ‘ 

Steve Rimmer 
"Computing NOW!" Sept. “83 

The MicronEye is a complete plug- 
and-go vision system for your computer. 

This unique product includes all the 
software and hardware necessary to al- 
low your computer to see. 


Images can be stored in your com- 
puter’s memory, enabling the computer 
to store, retrieve, print, analyze and ma- 
nipulate what it sees. 

The MicronEye has selectable reso- 
lution modes of 236 x 1 28 and 1 28 x 64 
with an operating speed of up to 13 im- 
ages per second in the lower resolution 
mode. 

The MicronEye is designed around 
a revolutionary new micro-chip (created 
and manufactured by Micron Technolo- 
gy) that can see — the IS32 OpticRAM® 
image sensor. 

T he OpticRAM automatically digi- 
tizes the image to 1 s and 0’s. Multiple 
scans of the same image using different 
exposure times allow the MicronEye to 
see shades of grey. 

The MicronEye can be used for 
graphics input, robotics, digitizing, text 
and pattern recognition, security, auto- 
mated process control, and much. much, 
more. 

Give your computer the ability to see 
with the MicronEye from Micron Tech- 
nology. Inc. 


$295 


MicronEye versions currently available for 
the Apple II + . Apple He. IBM PC, Commodore 
64. and the TRS-80 Color Computer. (RS-232 
version information available upon request.) 

Complete MicronEye system $295. Please in- 
clude $8.00 for shipping and handling (Federal Ex- 
press Standard Air). Sales tax required for 
residents of AK. A Z, CA. CO. CT, FL. GA. IA. 
ID. IL. IN. LA. MA. MD. ME. Ml. MN. NC. NE. 
NJ. NY. OH. PA. SC. TN. TX. UT. 

WA. WI 


ICRON 

TECHNOLOGY, INC 




2805 East Columbia Road 
Boise, Idaho 83706 
(208) 383-4106 
TWX 910-970-5973 



MicronEye “Bullet" 
CAMERA 


Apple, IBM PC. Commodore 64. and TRS 80 Color Computer are trademarks of Apple Computer Inc.. International Business Machines, Commodore Corporation and Tandy Corporation respectively. 
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POUR ME ANOTHER TEQUILA. Scarab 
Robotics believes the time for the automated 
bartender has arrived. The Scarab X-l “robotic 
bar” is housed in a gleaming 10 by 8 ft. oak 
cabinet and can hold 36 standard 1.75 liter liq- 
uor bottles, a half keg of cold beer, chilled white 
wine, red wine, and standard mixers. Although 
the $65,000 price tag is beyond what many 
homeowners will wish to pay for personal enter- 


RSA CHAPTERS. The Robotics Society of 
America has published a list of chapter con- 
tact people. The following people can provide 
information about meeting times and locations. 
Rick Refuerzo, telephone (415) 945-6357, is the 
contact person for the Berkeley Chapter. Steve 
Zonis, telephone (213) 934-0522, and Bruce 
Sanchez, telephone (213) 470-8383, can pro- 
vide information about the Los Angeles 
Chapter. Kevin Mullins, telephone (415) 
494-5079, has dates and times for the Palo Alto 
Chapter. Jim Strope, telephone (415) 552-6564, 
is the contact person for the San Francisco 
Chapter. Walt Carter, the San Jose Chapter con- 
tact, can be reached at (408) 986-8686. Readers 
interested in the Southern Illinois Robotics 
Association Chapter can contact Doug Wall at 
(618) 226-3478. 

To find out if there is an RSA Chapter being 
formed near you, contact: Walter Tlinick, Ro- 
botics Society of America, 200 California Ave, 
Suite 215, Palo Alto, CA 94306. 
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tainment, the robot bar is expected to be a prof- 
itable attention grabber in hotel and casino 
bars. The bar is claimed to be voice actuated, 
allowing waiters and waitresses to order drinks 
via wireless FM transmitters, and have the 
drinks waiting by the time they reach the bar. 
The Scarab comes complete with an Apple II 
computer and Votan voice I/O system. 


Al NOW. A recent study conducted by Brattle 
Research Corporation states that the commer- 
cial impact of artificial intelligence research will 
occur “far sooner than commonly predicted.” 
The last two years has seen “a groundswell of 
interest in artificial intelligence by a broad spec- 
trum of corporations.” The report expects the 
appearance of super microcomputers and spe- 
cial processors for AI software to accelerate the 
transfer rate of AI technology to the commer- 
cial sector. 

The study also reports on the state of artificial 
intelligence programming languages. It con- 
cludes that machines that can run Lisp “pro- 
vide a level of software and data base integra- 
tion that is unobtainable with conventional 
hardware and software.” Lisp workstations are 
claimed to increase programmer productivity 
thirtyfold and allow computers to solve a whole 
new class of problems. The market for Lisp 
machines and pure AI applications is predicted 
to break $1 billion by 1988. 


The report, entitled “Artificial Intelligence 
Computers and Software: Technology and 
TYends,” is available from Brattle Research 
Corp., Athenaeum House, 215 First St., Cam- 
bridge, MA 02142, telephone (617) 492-1982. 

CELESTIAL ANALYSIS. “Engineers need soft- 
ware too,” is the slogan on Celestial Software’s 
promotional buttons. The design software pro- 
vided by Celestial is a tool useful for mechanical 
design engineers, civil engineers, and architects. 
IMAGES-2D is a finite-element analysis program 
which helps engineers design mechanical struc- 
tures. The component under analysis is dis- 
played in full-color, high-resolution graphics on 
IBM PC and DEC microcomputers. 

The software is comprised of three major sec- 
tions: Geometry Definition, Static Analysis, and 
Dynamic and Seismic Analysis. The Geometry 
Definition portion provides a simple method for 
defining modes and elements. A full geometry 
checking feature identifies such items as un- 
connected nodes and undefined material or 
cross-sectional properties. Static Analysis allows 
you to determine the response to any static 
loads including deadweights, imposed external 
loads, and thermal expansion. IMAGES- 
2D summarizes stresses, loads, and reactions 
in a highly readable report format. Deflected 
shapes can be plotted and exaggerated for 
closer inspection. The software can handle up 
to five simultaneous loads. 

One of the most impressive capabilities is the 
use of seismic analysis to determine elastic 
structural response due to any user-defined 
shock. This ability has formally been available 
only on much larger computers. The structural 
response can also be animated to provide a 
visual representation of the dynamic and seismic 
analysis. 

For more information about IMAGES-2D, 
contact: Celestial Software, Inc., 125 Universi- 
ty Ave., Berkeley, CA 94710, telephone (415) 
841-7175. 

HIGH-SPEED COMMUNICATIONS. Ameri- 
can Robot Corp. is developing a high-speed 
communications interface which is designed to 
allow robot-to-host-computer communication 
rates up to 10 times faster than current inter- 
faces. The high-speed interface will be used with 
the National Bureau of Standard’s new Auto- 
mated Manufacturing Research Facility (ARMF) 
in Gaithersburg Maryland. The interface will 
allow communication rates up to 500 Hz and 
permit robots, vision systems, and host com- 
puters to work together in real-time environ- 
ments. The interface is due to be released in 
the second quarter of 1984. 



SHAPE MEMORY 
ERECT ALLOYS 
FOR ROBOTIC DEVICES 


Dr. L. McD. Schetky 
Memory Metals, Inc 
PO Box 2518 
652 Glenbrook Road 
Stamford, CT 06906 


Robots of great versatility are now available 
from manufacturers in Japan, North 
America, and Europe, with dexterity and 
lifting capacity which a decade ago would 
have been considered difficult, if not im- 
possible, to achieve. The major advances 
in recent years have been in the area of 
microprocessors, servo systems, program- 
ming, and optical sensors for pattern 
recognition and path tracing. In all these 
robot devices, whether for heavy or light 
work, for fixed sequence operation or 
variable programming, the muscle which 
moves the arms, elbows, wrists, grips, and 
fingers is provided by hydraulic, pneumatic, 
and electric motors. Although these 
motors offer high speed, good reliability, 
and an ability to move and lift substantial 
weights, the drives are relatively large. 

A new actuator has been developed 
which offers exciting possibilities for 
miniaturizing the robot, making possible 
units which can propel themselves into cur- 
rently inaccessible places, work in hazar- 
dous environments, and by their much 



Photo 1. A robotic gripper using shape memory effect alloy actuators. The controller is shown on the left. 


lower weight and smaller size offer the The basis for this new force-motion 
possibility of five-finger dexterity. transducer lies in a recently exploited 
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phenomenon known as the shape memory 
effect. 

In essence, a part deformed or stretched 
at one temperature will, upon being heated 
to a second temperature, completely re- 
cover its original shape. Through approp- 
riate heat treatment, the part can be made 
to spontaneously change from one shape 
to the other when cycled between two tem- 
peratures. In the process, the moving metal 
delivers substantial force. 

Shape memory is a behavior unique to 
alloys which undergo what is referred to 
as a martensitic transformation. This is the 
transformation in crystal structure which 
occurs in the heat treating of steels to give 
them hardness and strength. In shape 
memory, the martensite, unlike the marten- 
site in steel, is thermoelastic; that is, it con- 
tinually appears and disappears with fall- 
ing and rising temperatures. 

A specimen in the martensitic condition 
may be deformed in what appears to be a 
plastic manner, but is actually deforming 
as a result of a growth and shrinkage of 
individual martensitic plates. When the 
specimen which has been deformed is 
heated to the temperature where the mar- 
tensite structure changes to the stable 
elevated temperature crystal structure, a 
complete recovery of the deformation takes 
place. Though the specimen must be 
heated to a relatively high temperature and 
then quenched to form the initial marten- 
site structures, the metal can revert to the 
parent structure with only moderate heat- 
ing. A typical transformation temperature 
range for copper base memory alloys is 
20°C. 

The temperature at which martensite 
starts to form on cooling from the parent 
phase temperature is called M s . The 
temperature at which the entire parent 
crystal is converted to a martensite cluster 
is M f . When the alloy is heated to reverse 
the reaction, the initial parent phase starts 
to reform at A s and is completed at Af. 
This is illustrated in figure 1. The 
parameter that determines the working 
temperature range of an SME device is 
composition. In the case of Nickel- 
Titanium (Ni-Ti) alloys, the usual composi- 
tion is in the region of 50-50 atomic per- 
cent of the two elements. 

The point at which martensite forms 
(M s ) is extremely sensitive to variation in 
the Ni-Ti ratio. The M s can be varied from 
-200°C to +100°C in these alloys. The 
other alloy systems which have been ex- 
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Figure 1. Stages for producing the shape memory effect in a copper alloy. The component is formed 
to the desired shape, and then heated and quenched to produce martensite crystals. This shape can 
now be deformed, up to the strain limits. As the component is heated, the parent crystal starts to 
reform and the original shape is regained. 


ploited for a very broad range of applica- 
tions are the Cu-Zn-Al and Cu-Ni-Al ter- 
naries. The M s of these alloys can be 
varied from - 105°C to + 170°C although 
a range of - 100°C to + 60°C is the more 
acceptable limit for long-term stability. 
Other additions to this system which have 
been employed to yield special properties 
include Sn, Mn, Si, and Ni. Copper-nickel- 
aluminum alloys exhibit transformation 
temperatures as high as 200°C. The 
amount of deformation or recoverable 
strain varies with the alloy system and for 
one-way memory typically is 3 percent to 
4 percent for copper alloys and 6 percent 
to 8 percent for nickel-titanium alloys. 

Tvo manifestations of memory can be 
observed, a one-way memory effect and a 
two-way memory. In the former, a part 
which has been heat treated to yield the 


martensite structure may be deformed up 
to the strain limit. This new shape is re- 
tained until the part is heated to the 
temperature at which martensite trans- 
forms to the elevated temperature stable 
structure. When this occurs, the alloy 
reverts back to the originally formed shape. 
Further heating or cooling does not pro- 
duce any further change. 

Producing a part with two-way memory 
requires a special heat treatment pro- 
cedure. The component is formed to its in- 
itial shape, then heated and quenched to 
produce martensite. The component is 
then deformed to its second shape and 
then cycled between the lower temperature 
where martensite is stable to the tempera- 
ture where the parent crystal structure is 
stable, usually a matter of 30 or 40°C. At 
the same time that the part is thermally 


Read About It First 
InRo 


Don't Miss A Single 
Monthly Issue 

We’ve read about robots for decades in 
the science fiction genre. Today’s creative 
engineers are fast making yesterday’s fic- 
tion obsolete. The technology is becoming 
real . . . Real engineering of real-time com- 
puter systems for real applications— that’s 
what robotics is all about. Robotics Age is 
your monthly window on the nuts, bolts, 
bits and design concepts of this new 
microprocessor hardware and software 
technology. The inspiration of science fic- 
tion plus the practical information in 
Robotics Age keep you abreast of this ex- 
citing field. 

Intelligent machines are already a major 
part of our world. We see the new realities 
of walking machines, autonomous space 
and undersea explorers, factory automa- 
tion, feedback from vision and touch, 
robots of the industrial and personal 
flavor. We see sentry robots patrolling 
homes, forts, factories and offices. We see 
the prospect of the automotive autopilot 
and personal robotics. 

Robotics Age looks to this future with 
articles about design concepts, products 
and practical experimental techniques. 
You’ll find advertising from the suppliers 
of components and systems for intelligent 
machine engineering, as well as in-depth 
tutorials and reviews of available technolo- 
gies. You’ll find numerous practical and 
proven design techniques. You’ll learn 
how to use microcomputer electronics 
where it counts, how to build simple, 
reliable touch sensors, how to use visual 
and aural pattern recognition to gain in- 
formation about the real world, how to 
design programs that plan strategies of 
operation. You’ll find articles on what 
makes today’s personal robotics ex- 
periments tick, and more 

Robotics Age Has the 
Information You Need- 
First and In Detail 

In past issues, we’ve had several articles 
on walking robots — the design problems 
of legged mobility. One article described 
aspects of a one-legged hopping robot. 
Another described ODEX I, a recently 
designed experimental six-legged mobile 
robot. ODEX I has been widely publi- 
cized, including an appearance on a 
syndicated television series as well as 




superficial articles in numerous general 
magazines. If you were a subscriber in 
1983, you read about ODEX I first. In ad- 
dition to being first, our article on ODEX 
I contained a level of detail only available 
in the Robotics Age style of technical ar- 
ticle . . . and nowhere else. So, don’t miss 
out on the opportunity to find out about 
the latest developments in detail and 
ahead of the crowd — subscribe today. 

Your subscription to Robotics Age is 
the key to this technology. You get month- 
ly exposure to new and exciting informa- 
tion as it becomes available. 

Subscribe Today 

Don’t miss out on a single issue. 
Subscribe today and have the next issue 


delivered directly to you. At our regular 
subscription price of $24 for twelve 
monthly issues, you’ll save $12 over the 
newsstand price. You can save even more 
with longer subscriptions — a two-year 
subscription at $45 gives you a savings of 
$27 over the equivalent cost at the news- 
stand, and the $63 price for a three-year 
subscription saves $45 over the price of 
single copy purchases. Send your subscrip- 
tion order today. Fill out the coupon 
below, check the appropriate boxes, and 
send your order to: Robotics Age, PO Box 
358, Peterborough, NH 03458, or, simply 
give us a call at (603) 924-7136. 


Special Bonus 

If you send check or credit card pay- 
ment with your mail order, or give us 
credit card information with a phone 
order, we’ll give you a special two-part 
bonus: First, we’ll credit you with an 
extra issue added to the term of your 
subscription. Second, we’ll send you a 
free reprint of the article “ODEX I: 
The First Functionoid.” 
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A TOTALLY NEW 
GUIDE BOOK TO 
SENSOR 

AND TRANSDUCER 

TECHNOLOGIES 


T he 1984 Sensor and 

Transducer Directory is now 
available from the publishers of 
the monthly magazine, Sensors: 
The Journal of Machine Percep- 
tion. This is the first edition of 
an annual directory to be pub- 
lished every January. It contains 
more than 300 listings of com- 
panies which make hundreds of 
components important to the 
engineer who must add sensors 
and real-world interfaces 
to microprocessor-based 
systems. 

You’ll find information organ- 
ized and indexed into two sec- 
tions for fast answers to your sen- 
sor and transducer technology 
questions. The first section is a 
complete master list of sensor 
and transducer manufacturers, 
corporate information and a com- 
pany profile. Along with each 
company’s listing there is a list of 
distributors and representatives by 
geographic location. 

In the second section, we’ve 
provided a set of indices to the 
company profiles by sensor type. 


You’ll find information on who 
makes nearly 100 different classes 
of sensors ranging from accelero- 
meters to thermocouples, from 
gas pressure to humidity, from 
acidity to resistance. If a physical, 
chemical or biological quantity 
can be readily turned into an 
electronic signal that can be 
analyzed, you’ll find a pointer to 
the manufacturer of such a 
sensor/transducer product. For 
each type of sensor, you’ll find an 


alphabetical listing of company 
names and page numbers, giving 
you fast access to the suppliers of 
each type of sensor. 

If you’ve ever had a tough 
problem finding out who makes 
what kind of sensor, The 1984 
Sensor and Transducer Directory 
will be indispensable. 

Order yours today. 

ONLY $29.95 


. copies of the 1 984 Sensor and Transducer Directory at $29.95 (includes 
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Figure 2. Shape memory can be demonstrated as one-way and two-way memory. One-way shape memory allows a previously formed component to be deformed 
and then heated. When heated, the original shape is regained. Two-way shape memory cycles between two shapes depending on whether the component is heated or cooled. 


cycled, it is subjected to a forced deflec- 
tion or strain. After many such thermal- 
mechanical cycles the part will spontan- 
eously assume one shape at the elevated 
temperature and its second shape at the 
lower temperature. These two forms of the 
shape memory effect are illustrated in 
figure 2. 


SME CONTROL 

Although most actuators are used in ther- 
mostatic devices which must respond to a 
change in ambient temperature, there are 
others where the memory effect is required 


on demand. As an example, a safety device 
which is activated by an ambient tempera- 
ture condition may also be remotely acti- 
vated by electrical heating. This mode of 
shape memory energizing is of particular 
interest for robotic drives. 

One of the pioneering efforts in the field 
of shape memory effect (SME) robot de- 
vices is credited to Dr. Yoshiyaki Miwa, who 
is a professor at Waseda University in 
Japan. An ingenious wire skeleton was con- 
structed in the form of a four-legged in- 
sect with legs driven by SME wires. By 
phasing the electrical heating of each leg 
by microprocessor, the insect can be made 


to hop across a flat surface. More recog- 
nizable as a robot is a table model unit 
developed by Dr. Miwa which, under pro- 
cessor control, can carry out micromanip- 
ulations of the kind required for small parts 
assembly. With five degrees of freedom, it 
is capable of accurate motions. Standing 
less than one foot high, this device il- 
lustrates the substantial reduction in size 
that is possible with SME actuators. Pro- 
fessor Miwa feels that for an equivalent 
load capability, on the average, an SME 
robot arm will have one-tenth the weight 
of a unit with conventional servomotor 
drives. 
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SME drives can be formed in several dif- 
ferent shapes: sheet, rod, tube, and wire. 
Although motions can be in torsion, ex- 
tension, compression, and bending to ac- 
commodate various joint and hand require- 
ments, the most efficient drive on the basis 
of watts/foot-pound is a wire operating in 
tension mode. 

In considering SME for a robotic motor, 
Memory Metals, Inc. is presently heavily 
prejudiced in favor of the nickel-titanium 
family since these alloys combine high 
force capability, good corrosion resistance, 
and high resistivity. This means that the 
memory effect can be energized with rea- 
sonably low currents. On the other hand, 
the higher thermal conductivity of the cop- 
per SME alloys may make it possible to 
achieve faster cycle times, depending on 
the drive geometry. 

With a yield strength of 60,000 psi (413 
MegaPascals) a 0.010 in. (0.25 mm) diam- 
eter nickel-titanium wire can support a load 
of 4.7 lbs (19.8 N), and a 0.020 in. (0.5 
mm) diameter wire can support 18.8 lbs 
(83.6 N). Critical to robotic systems, 
however, is not just load but inertia. Since 
SME actuators have very low mass in com- 
parison to hydraulic pistons and motor ar- 
matures, the actuator can react very 
rapidly. 

Both heating and cooling are exponen- 
tial and a function of the ambient tempera- 
ture and the thermal diffusivity of the alloy. 
For the alloys discussed, the time constant, 
0, which depends on wire composition and 
shape, may be represented by the equation: 

0 = Kd n 


where d is the wire diameter, and K and 
n are a function of the alloy. The time 
which a wire takes to heat to a temperature 
T above the ambient temperature T a is 
given by the expression: 


t = 0 In 


J_ 

1-(T-T A ) 

T 0 


where T 0 is the maximum temperature the 
memory wire would reach when heated by 
a current. The memory effect actually takes 
place well before the maximum 
temperature is reached. The cooling time 
is expressed by a similar equation: 


t = 9 In 


1 

( T-T a ) 

T„ 
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when 


9 In 


1 

(1 — t— T a ) 

T 0 


where T represents the temperature from 
which cooling starts, usually the upper 
transistion temperature A r for complete 
shape recovery. 

Most actuators will cycle between the 
martensitic state and the elevated 
temperature parent crystal structure. If 
cycling is continuous the cycle time can be 
expressed by: 


ct. 


0 In 



This total cycle time is independent of 
the ambient temperature, although for a 
given ambient the heating and cooling 
times themselves will vary. 

Since the heating and cooling time 
varies with the amount by which the 
transformation temperature is above or 
below the ambient, it follows that low tran- 
sition temperatures favor faster heating 
time. However, if the martensite transfor- 
mation is below ambient, some type of 
cooling system must be employed. Since 
the dominant factor in determining speed 
is the time constant 0, which is exponen- 
tially related to wire diameter, a cluster of 
smaller diameter wires will act faster than 
a single wire of the same capacity. As an 
example, a 0.010 in. (0.25 mm) wire with 
a 5 lb. (22.2 N) lift capacity has a 
characteristic time constant of 3.15. A col- 
lection of 27 0.002 in. (0.05 mm) wires 
would have an equivalent load capacity but 
would have a characteristic time of 0.188, 
16 times faster in response. The cluster of 
wires would, of course, have a considerably 
larger total cross-section since, to take ad- 
vantage of the small cross-section wire, the 
spacing between wires would have to ac- 
commodate convective air flow. 

The power required to heat the wire to 
its transformation temperature can be 
calculated by: 

P = K(T As -T a )d n milliwatts/inch length 

As an example, a 0.010 in. (0.25 mm) 
diameter Ni-Ti wire 10 in. (25.4 mm) long 
would lift 4.7 lbs (20.9 N) a distance of 0.8 
in. (20.3 mm) with approximately 1.4 W. 


This is considerably lower power than 
would be required by a solenoid of equal 
lifting capacity. 

Although for simplicity we have referred 
to single or multiple strands of SME wire 
as robotic drives, in some cases the exten- 
sion required is far greater than can be ac- 
commodated by the elongation of a 
straight wire. In this case a coil or spring 
may be used with a typical extension of six 
times. The force which can be developed 
is still a function of wire diameter since the 
SME alloy is a strain-limited device. 

An alternative geometry, particularly 
useful for rotation is a torsion tube. The 
strain limit of 8 percent would allow up to 
100° rotation for a 10 in. (250 mm) long, 
0.25 in. diameter (6.25 mm) rod. By us- 
ing a tube with internal fluid or air cool- 
ing, the speed of motion may be improved. 

In all of the discussion on electrical ac- 
tuation it has been assumed that the trans- 
formation of martensite to parent, which 
gives rise to a large increase in elastic 
modulus, occurs on heating and cooling 
at a modest rate. Recent work by Miwa and 
his group have shown that the heating rate 
has a substantial effect on the recovery 
stress. Measurements of the recovery of a 
shape memory wire which had been pre- 
strained 2 percent showed that at a 
recovery temperature of 77°C, a Ni-Ti wire 
heated at 15°C /sec gave a recovery stress 
of 220 MegaPascals; when heated at 34°/ 
sec this increased to 260 MPa; and that 
a heating rate of 100 °/sec showed a 
recovery stress of 375 MPa, an increase of 
70 percent. 

The implication drawn from this work 
is that controlled currents can be exploited 
to change the response and the starting 
torque of an SME-driven robotic element. 
It must be born in mind that very precise 
control is necessary in order to avoid a 
temperature overshoot which would lead 
to degradation of the SME device. 

Of concern to the robot system designer 
is the manner in which an SME command 
signal is transferred to the robot actuator. 
The mechanical motion f (x,y,z,t), pro- 
duced is proportional to the power coupl- 
ed into the SME actuator which, as we in- 
dicated before, can be in the form of a wire, 
spring, or other configuration capable of 
being heated by an electric current. 
Typically the general form of these systems 
is as shown in figure 3. 

The motions which might be required 
are considered as wave forms of the type 
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Figure 3. A typical SME actuator control system consists of a signal generator (possibly 
microprocessor-controlled), power amplifier to boost the signal, and coupling and isolation circuitry to 
physically connect to the SME actuator. 









1 


2 


3 


f 



dxi = dx 2 = dxs 
dti*dt 2 * dt 3 


4(b) 


4 


5 





«(*. -Si. Sij) 

V dt dt 2 / 


shown in figure 4. In figure 4a the total 
distance traveled is the same for each 
pulse. However, the time required to 
achieve the distance varies. In comparison 
to the first pulse, the second pulse applies 
more current in less time and the third 
pulse applies much less current for an ex- 
tended time to achieve the same motion. 
In figure 4b the travel distance and time 
are directly proportional to the pulse 
amplitude and duration, while in figure 4c 
the wave shapes produce accelerated and 
decelerated motion. 

In order to obtain more precise accelera- 
tions and the higher force which accom- 
pany a rapid heating rate, while at the same 
time avoiding the possibility of overheating, 
a digitally controlled current input is 
preferred. Here, in figure 4d, is shown a 
fast start motion followed by a smooth slow 
down. 

Whether or not the servo is closed loop 
with feedback will depend on the use of 
motion, force, or position sensors. Al- 
though magnetic changes do occur in 
nickel-titanium alloys when they undergo 
strain or shape recovery, these effects are 
not sufficiently well understood to exploit 
them as a feedback signal. 


C ONCLUSION 

New shape memory alloys are being 
developed to power a new generation of 
robots. The goal is higher recoverable 
strains, a reduction in hysteresis, good 
long-term stability, and the development of 
techniques to increase the cooling rates to 
make possible faster motions. New copper 
base shape memory alloys demonstrate 
good potential with reasonably low cost. 
A very active effort is going on in Japan, 
through government sponsorship of a 
shape memory research and development 
association. In this country, Memory 
Metals, Inc., in collaboration with several 
universities, is carrying out research on 
new alloys and new actuator geometries. 
Similar efforts are under way in other US 
companies and Europe. 


Figure 4. Four different types of signals which can be used to control the SME actuator. Figure 4a 
shows three signals which will produce the same amount of movement, however, the application of dif- 
fering currents produces the effect in varied amounts of time. The two signals in figure 4b produce 
movement proportional to the amount of time the signal is applied to the actuator. Figure 4c 
demonstrates acceleration, deceleration, and acceleration and deceleration signals. Figure 4d 
demonstrates a digital method of control. The more rapid the pulses, the greater the heating affect 
and therefore the more motion exhibited by the shape memory alloy. 
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Hitachi, Ltd. has used a shape memory 
alloy (SMA) to develop a compact experi- 
mental robot hand that can manipulate an 
object with the dexterity of the human 
hand. 

The recent rise in the demand for ad- 
vanced automation of various operations, 
such as delicate assembly work in factories 
and complicated maintenance work in 


special environments like nuclear power 
plants, has made dexterous and compact 
robots increasingly desirable. 

A number of previous research projects 
attempted to develop a robot hand capable 
of simulating the human hand. Developers 
quickly realized that a large number of ac- 
tuators would be required to simulate the 
human hand’s fluid joint movement. This, 


in turn, would produce an oversized and 
ungainly mechanism. 

Hitachi overcame this problem by using 
actuators made of SMA. Shape memory 
alloy is capable of generating a very large 
force per unit of weight. The structure of 
these new SMA actuators is less complex 
than previous actuators that used motors. 
This reduction in complexity allowed the 



Photo 1. Overview of the Hitachi Shape Memory Alloy gripper. 
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Figure 1. Robot hand structure showing the actuators and guide tubes. A spring around each joint pulls 
the joint and SMA wire back to the relaxed position. 


volume and weight to be reduced to one- 
tenth that of previous technologies. 

The structure of the robot hand is shown 
in figure 1. The hand has a human-like 
wrist and three fingers which represent the 
index finger, middle finger, and thumb of 
the human hand. Each finger has four 
joints, which enable the hand to grasp ob- 
jects firmly. The wrist has two joints for ver- 
tical and horizontal movement. 

All of the actuators used to drive the 
hand’s joints are built into the forearm. The 
fingers are driven by 12 actuators (four per 
finger) and the wrist is driven by two ac- 
tuators that are set at the side of the 
forearm. Each finger joint is bent by pull- 
ing the drive wire and is relaxed by a spring 
set into each joint. The wire is guided to 
the joint through a flexible tube. 

The hand and forearm together measure 
700 mm in length and weigh 4.5 kg. The 
block of actuators, weighing a mere 1.5 kg., 
is 400 mm long, 80 mm wide, and 50 mm 
high. The actuators can manipulate an ob- 
ject weighing a maximum of 2 kg. 

The actuator structure is shown in figure 
2. Each actuator consists of SMA wires 


made from nickel and titanium. Although 
the SMA wires are pulled and stretched by 
the springs, they “memorize” their original 
unstretched length. When they are heated, 
they tend to shrink back to their original 
length. 


The SMA actuator movement is based 
on temperature. Since it is difficult to 
create a rapid temperature change, typical 
SMA actuators have had a slow response 
time. 

Hitachi dealt with this problem by us- 


PREP, INC. OFFERS FOR THE FIRST TIME A 
TOTAL ROBOTICS TRAINING PROGRAM — 

CURRICULUM PLUS HARDWARE 
The Curriculum 

The curriculum includes 7 instructional modules 
which begin with the basics and conclude with 
advanced applications. 

Contents: 

• Detailed Instructor’s Manual 

• 7 Student Texts 

• Hands-on Workbook Exercises/Experiments 

• Videotape 

• Transparencies 

• Supplemental AV Presentations 

The Hardware 

The SCORBOT Robot is the focal point of a total 
hardware package which includes: 

• The Robot with D.C. Servo Gear Motor Drive and 
5 Axes of freedom plus Gripper 

• The 8 Axes Controller with 8 lnputs/8 Outputs 
and an RS-232C Interface 

• The Microcomputer — software compatible for 
Apple, IBM and TRS-80 personal computer 

• Other hardware such as a Teach Pendant, Vision 
Systems and Conveyor Belt, among others are 
currently under development 

For a free detailed proposal, call PREP, Inc. toll f r ee 
800-257-5234 or 609-882-2668. Or write to: PREP, 
Inc., 1007 Whitehead Road Ext., Trenton, NJ 08638 
USA. 

PREP, Inc. is the exclusive distributor in the United 
States and Canada for ESHED, Robotec, Ltd., Israel. 
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Figure 2. Actuator structures for the finger and wrist. 



Figure 3. Control system structure. 


ing a large number of very thin SMA wires 
that can be quickly heated and cooled. A 
number of SMA wires (0.2 mm in diameter) 
are set around the finger spring actuators 
(figure 2a). The wrist actuators (figure 2b) 
each have four SMA wires (0.35 mm di- 
ameter) set around the pulleys. Using this 
technique, Hitachi has achieved a 90- 
degrees-per-second joint bending motion. 

The structure of the hand’s control sys- 
tem is shown in figure 3. The SMA wire 
is heated by passing electric current 
through it; it reacts by shrinking back 
against the force of the spring. The joint 
angle is varied by modulating the current 
passing through the SMA wire. The cur- 
rent is proportional to the error between 
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the reference angle and the angle of the 
joint, as detected by a potentiometer set 
on each actuator. A microcomputer gen- 
erates the reference angle values. 

The compliance of the SMA actuators 
and the independent control of each joint 
allows Hitachi’s robot hand to move with 
human-like flexibility and dexterity. 

The development of this lightweight, 
compact, and dexterous robot hand greatly 
increases the potential for widespread use 
of robots and the automation of complex 
work currently dependent on human hands 
—whose simulation previously required 
special jigs or peripheral instruments. 

The simple design and compact size of 
SMA actuators will allow their use in many 


applications, such as in medical microma- 
nipulators, handling robots for semicon- 
ductors, manipulators for underwater 
operations, and many others. 

For more information about the Hitachi 
gripper, contact: Dave Tkubota, Gray Con- 
sulting Group, Inc., 460 Park Avenue, New 
York, NY 10022. 
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Backyard Foundry 
for Sand Casting 

Part II: Making the Molds 


Charles Balmer, Jr. 
929 S. Dugan Rd. 
Urbana, OH 43078 


Part I described how to build a backyard 
foundry for sand casting. By now you have 
a working furnace and/or an interest in 
making patterns, molds, and castings. This 
article shows you how to complete the next 
phase. 


PATTERN MAKING 

A pattern is a duplicate of the desired part, 
but generally made of material that is easily 
worked and readily available. Pattern 
materials can vary widely, depending on 
the desired complexity, frequency of use, 
ease of construction, and many other 
parameters. 

Patterns can be made from materials as 
soft and delicate as wax or as strong and 
hard as steel. Ease of construction far 
outweighs durability as a criterion for pat- 
tern material selection. Patterns of pine are 
generally easy to make, and with the prop- 
er finish, last for a long time. 

Patterns must be designed so that after 
the sand has been packed in the mold 
parts can be separated without destroying 
the mold cavity. If the part is very com- 
plicated, the mold may require two or more 
parting lines in order to separate it. If you 
see that the mold needs more than three 
parting surfaces, you probably ought to 
take a different design approach. Photo 4 
shows many useful shapes requiring only 
one parting line that are used in the con- 
struction of my robot, Avatar. 

Another interesting property of cast 
parts is that they can be made with inter- 
nal cavities and odd-shaped internal struc- 
tures that would be impossible to make any 
other way. Castings with large cross sec- 
tions can be cored to reduce weight and 
prevent sink marks. Consider casting a 


hollow ball. This could be done using a 
core, a mixture of sand and binder that 
hardens when cured, and one small core 
support hole that is filled in later. The core 
is usually hardened in an oven so that it 
can be handled. The shape is formed by 
using a mold called a core box. The core 
is designed to be inserted into the primary 
mold after the pattern is removed. The 
core is removed by breaking it into small 
pieces and pouring the pieces out through 
the support hole after the casting has been 
made and cooled. Using cores is not real- 
ly as simple as I have outlined here. You 
should not attempt them until you are 
adept at making solid castings. 

Figure 3 shows a simple pattern with on- 
ly one parting line. Pattern dimensions 
must allow for the shrinkage that occurs 
as the part cools. Shrinkage coefficients 


vary with the type of metal used and are 
specified in inches of shrinkage per inch 
of original dimensional length. Generally, 
published shrinkage coefficients for the 
various types of metal do not mention the 
temperature span over which the coeffi- 
cient is valid. Pattern dimensions can be 
calculated very simply by multiplying the 
shrinkage coefficient by the final dimen- 
sion and adding the result to the final 
dimension. Calculating the allowance for 
shrinkage is a rather crude process. Di- 
mensional accuracies better than to 1/32 
of an inch should not be expected. Tighter 
dimensions should be machined into the 
final casting. 

The slope or draft on all surfaces per- 
pendicular to the parting line is the taper 
that makes the pattern easy to remove from 
the sand mold. Draft angles can vary, but 


NOTES 

1. SHRINKAGE 27XlO“ 6 IN./ 
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Figure 3. Example pattern with one parting line. 
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must always allow the parts to separate. 
Negative draft on a surface will hold the 
pattern in place, preventing it from being 
removed from the sand without disturbing 
the impression. An angle of three degrees 
works nicely. For deep parts, however, 
where the top of the mold must be lifted 
a long distance to clear the pattern, a 
steeper angle of one degree might be pre- 
ferable to prevent a dimensional build-up 
that would be intolerable. Removing the 
pattern from the sand without disturbing 
the mold becomes more difficult as the 
slope becomes steeper. Choosing the op- 
timum draft angle is a matter of experience. 

Patterns like the ones shown in photo 
4 can be made from solid blocks of wood, 
but it is usually easier to make them by glu- 
ing together several simpler pieces. Com- 
posite patterns of several different materials 
can also be made. When faced with the 
problem of building up large wooden sec- 
tions for a pattern, the designer should 
consider standard thickness pieces. It is 


You must learn to gauge the wetness of the 
sand, to remove the pattern without dis- 
turbing the sand cavity, and possibly to do 
a little reconstructive surgery on a dam- 
aged cavity. 

Making molds requires the use of cer- 


tain tools, the most important of which is 
the mold box or flask. (See figure 4.) These 
containers, made of wood or metal, can be 
made in various shapes and sizes to ac- 
commodate different patterns. The box has 
only a few important functional features. 
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Figure 4. Simple two-part flask. 


Photo 4. Avatar construction patterns. 

cheaper to buy pieces of wood in standard 
sizes and glue them together than it is to 
buy one very thick piece of wood. 

After the pattern pieces are glued 
together, all cracks and depressions should 
be filled with a good quality putty or wood 
filler. All sharp outside corners should be 
rounded, all inside comers should be filled 
and rounded, and the entire pattern should 
be sanded smooth. Once the glue and filler 
are dry, apply several coats of quick-drying 
lacquer. After each coat dries, use steel 
wool to smooth out the surface before ap- 
plying the next coat. Finally, rub on 
powdered graphite until the surface feels 
slippery. The pattern is now ready to use. 


__ MAKIN G A MOLD 

Making good molds is a skill that is ac- 
quired only after a great deal of practice. 
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If the part has only one parting line, the 
flask has only two parts. If the pattern has 
two parting lines, the flask will have at least 
three parts, and so on. A two-part flask has 
a top half called a cope and a bottom half 
called a drag. These two pieces fit together 
with the aid of guide pins that maintain 
alignment. The inside surfaces of the cope 
and drag are slotted. This provides a sur- 
face to which the packed sand will adhere. 
Handles on the cope, while not necessary, 
aid in lifting the cope off the drag. 

The molding board serves two purposes. 
First, it provides a surface on which to lay 
the drag and the pattern when making the 
bottom half of the mold. Second, it serves 
as a base for the completed mold when 
transporting it to the foundry. 

A number of other tools are useful: 

• Rammers are used for packing the 
sand into the flask. They are usually made 
of hard wood with one large flat end, like 
a hammer, and a smaller wedge-shaped 
end. 

• Brushes are used to clean the outside of 
the mold and patterns. 

• A sieve is used to filter the molding sand 
and remove debris. 


• Bellows, while not necessary, ease the 
removal of loose sand found in the mold 
cavity after the pattern is removed. A low- 
pressure air hose can also be used. 

• A dust bag, usually made from porous 
cotton cloth, is filled with silica parting 
dust. The molder shakes the bag over the 
parting surfaces of the mold and deposits 
a layer of dust. 

• A draw pin is an ice pick-like tool, 
sometimes having a threaded tip. It is used 
to remove the pattern from the mold. 

• A sprue pin is placed in the cope when 
the sand is packed in. When it is removed, 
it leaves a hole through which the molten 
metal is poured into the mold cavity. 

• A riser is sometimes used to provide a 
vent for the gases generated when the hot 
metal hits the moist molding sand. Risers 
can also be used to provide extra metal to 
reduce sink marks in castings with thick 
sections. 

• Molding sand sticks together and holds 
a shape. Many different types of molding 
sand are available, each with distinct prop- 
erties of coarseness, types of binders, 
porosity, etc. Let the foundry equipment 
supplier choose the type that best suits 
your needs. 


MOLDING SEQUENCE 

Making a mold begins by preparing the 
sand. The consistency of the sand should 
be such that you can squeeze a handful 
of it into a clump that will hold its shape 
when you let go. If the sand is too dry, it 
will fall apart. If the sand is too wet, too 
much steam will be generated when the 
metal is poured into the mold. This can 
cause blow holes in the casting and make 
the surface of the casting very rough and 
porous. 

Once the sand is ready, follow this nine- 
step process to make a mold. The pro- 
cedures are illustrated in figure 5. 

STEP 1. Invert the drag and place it on 
the molding board. Lay the pattern inside 



Photo 5. Pattern in place in drag. 
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the drag in such a way that it can be ex- 
tracted from the top. Sprinkle parting dust 
over the pattern and on the molding board, 
using the dust bag. 

STEP 2. Fill the drag with molding sand. 
Sprinkle only unclumped sand over the 
pattern using the sieve. Fill the remainder 
of the drag and carefully pack the sand 
tightly into every comer using the rammer. 
Overfill the drag with sand to ensure that 
it is completely filled. 

STEP 3. Scrape off the excess sand us- 
ing a wooden or metal straightedge. 

STEP 4. Invert the drag so that the guide 
pins are up. Sprinkle parting dust over the 
pattern and sand. 



Photo 6. Sprue and cope in place. 


STEP 5. Place the cope over the guide 
pins and set a sprue pin near where the 
metal should flow into the cavity. (See 
photo 6.) 

STEP 6. Fill the cope with molding sand 
using the procedure outlined in step 2. Do 
not disturb the sprue pin while packing the 
sand around it. 

STEP 7. After packing the sand very 
tightly, dig out a small pouring cup around 
the sprue pin. Wiggle the sprue pin free 
and pull it out. Using your finger, shape 
the pouring cup and hole to remove any 
sharp corners and loose sand. 

STEP 8. Very carefully, lift the cope 
straight up off the drag. Be sure to lift it 
high enough to completely clear the drag 
before moving it sideways. Set the cope 
aside while you remove the pattern. Dig 
out a small channel to allow the metal to 
flow from the sprue to the edge of the pat- 
tern. Using the draw pin, remove the pat- 
tern by carefully lifting and tapping the pin 
until the pattern breaks free. (See photo 
7.) Occasionally a piece of the cavity will 
break loose when removing the pattern. If 
it is a major piece, try to paste it carefully 
back in place with a little water. Remake 



Photo 7. Pattern removed prior to closing mold. 


the mold if patching does not work. Small 
pieces that break off will only cause 
flashing on the final casting that will have 
to be removed. Once the pattern is re- 
moved, use the bellows or air hose to blow 
out any loose sand. 

STEP 9. Very carefully, replace the cope 
by realigning the guide pins and holes, and 
gently lower the cope back into place on 
top of the drag. The mold is now complete 
and ready to use. 


MAKING A CASTING _ 

Now that the mold is ready, you must 
prepare the metal. The metal to be melted 
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Figure 5. Molding sequence. 
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should be in chunks small enough to fit 
loosely in the crucible. If a piece fits too 
tightly, it may crack the crucible as it ex- 
pands. Large chunks, as opposed to thin 
or flat pieces, will tend to produce less slag 
because they have less surface area to ox- 
idize. Material should also be free of paint, 
oil, water, and other finishes which might 
generate explosive or toxic gases. When 
melting any metal, preheat it externally 
before adding it to the charge in the fur- 
nace. Preheating bums off or vaporizes any 
paint, oil, or water and reduces the 
possibility of an explosion due to trapped 
gases in the metal. 

Since most of us cannot afford a ther- 
mometer capable of measuring the 
temperatures of molten metals, we must re- 
ly on a more qualitative technique. Listed 
in table 1 are the approximate melting 
temperatures of several common metals. 
Also listed are the temperatures and cor- 
responding inside furnace colors. 

The temperatures for the casting tech- 
niques described here are not critical. 
There are only two rules of thumb to con- 
sider: if the metal is not hot enough, it may 
solidify before completely filling the mold 
cavity; if the metal is too hot, the casting 
may end up with a very rough or porous 
surface. 

Some of the necessary equipment is 
shown in photo 8. Obviously a set of 



Photo 8. Crucibles, holder, and tongs. 

crucibles is needed. I prefer graphite 
crucibles over clay because they last longer, 
and I can use them for melting iron. An 
ingot mold for the excess metal is handy. 
Several sets of tongs will be needed— one 
large pair to lift the crucible out of the fur- 
nace and another, smaller pair to add new 
metal to the crucible. Use the large tongs 
or a special pouring holder when pouring 
the metal into the mold. This special 
holder is very handy as it eliminates try- 
ing to manipulate a hot, heavy crucible 
while squeezing on the tongs. The last item 


Color 

Metal 

Temp Deg. F 

Normal 

Lead 

620 

Dark red 


1000 


Aluminum 

1300 

Cherry red 


1400 

Orange 


1700 

Yellow 


1800 


Brass 

1800 


Copper 

1981 

White 


2100 


Gray Iron 

2192 


'fable 1. Representative melting points and inside furnace colors. 


needed is a piece of steel rod for remov- 
ing the slag which forms on top of the 
molten metal. Skim the slag from the top 
of the metal before it is poured. 

When you are ready to pour the hot 
metal, put on your gloves and face shield. 
Carefully lift the crucible from the furnace 
with the tongs and set it down. With a 
good grip on the crucible, quickly pour the 
metal into the sprue hole in a steady 
stream, never stopping until the sprue and 
pouring cup fill completely. (See photo 9.) 



Photo 9. Pouring the metal into the finished mold. 
Note the weights on the cope. 

The weights sitting on top of the cope keep 
it from floating up due to the internal 
pressure of the metal. After completing the 
last casting, pour the remaining metal in- 
to the ingot mold. Invert the crucible and 
set it aside to cool. 



Photo 10. Removing the molding sand after 
casting has solidified. 


After allowing several minutes for the 
metal to harden, remove the casting from 
the mold by digging it out of the sand as 
shown in photo 10. Remember to handle 
the casting with tongs since it may still be 
very hot. Do not quench the casting in 
water to cool it until it has air-cooled for 
a while. (See photo 11.) Clean and machine 
the casting only after it has cooled com- 
pletely. Remove the sprue and any flashing 
that may be present. Apply a finish if 
necessary. 



Photo 11. Final casting before sprue removed. 


CONCLUSION 

Making your own castings can add a new 
dimension to the construction of your 
robot. While it is conceptually a very sim- 
ple process, requiring only crude equip- 
ment, it does take skill and judgement to 
design and make good quality castings. My 
advice, to those of you who want to try it, 
is to go to the library and find several 
books to read on casting techniques. If you 
decide to give it a try, remember— be 
cautious and always follow proper safety 
precautions. 
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antasy Meets Reality at 


A refreshing approach to the concept of 
robotics is being set forth at the American 
Craft Museum II in New York City. A 
unique exhibition entitled “The Robot Ex- 
hibit: History, Fantasy, and Reality” traces 
the historical development of the robot 
from a creative, imaginative, and techno- 
logical perspective. This exhibition repre- 
sents the first attempt by a major American 
museum to present robots and robot im- 
ages to the public. 

The exhibit comprises more than 160 
displays which include sculpture, prints, 
and drawings of robots. It provides the 
public with an opportunity to interact with 
a wide range of robots— toy, do-it-yourself, 
personal, and industrial— and automatons. 
In addition, sections of the show provide 
useful photographs, video clips, and slides 
which describe the development and ap- 
plications of robots. Visitors can examine 
exhibits which explain some of mankind’s 
earliest attempts to imitate life, such as 



Robert Malone, guest curator of the exhibition, poses 
with Regal Robot, a 1983 creation by Clayton Bailey. 


primitive automatons dating back to Hero 
of Alexandria (A.D. 100) as well as some 
of the most modern industrial robots. 

Robert Malone, guest-curator of the ex- 
hibition, says the exhibit is designed to “tap 
into a new kind of spirit of people’s interest 
. . . and to deal with robotics in terms of 
fantasy and reality rather than just hard 
facts.” This approach has helped create an 
effective format which exposes people in 
all walks of life to robots in an informative, 
amusing, and nonthreatening way. 

The exhibit is designed to encourage 
visitors to browse around and to provide 
them with an opportunity to test out and 
play with the robots. “There is an enor- 
mous resistance to change because of the 
fear people have of the unknown,” com- 
ments Malone. “We have tried to stress the 
approachability and user-friendliness of the 
robots by focusing on the fantasy and the 
artistic aspects of the exhibit. This helps 
break the ice.” 



Outline of Thomas Edison’s 1894 manufacturing facil- 
ity for the talking doll. 


Indeed, this approach has helped active- 
ly involve many of the exhibit’s visitors with 
the robots on display. One robot named 
IDT, a robot manufactured by ComRo, 
Inc., greets people as they enter the ex- 
hibit. Children in particular are drawn to 
this diminutive robot. They crowd around 
TOT and talk with it. Using an interactive 
program written by its designer, Jerome 
Hamlin, TOT whirls around the museum 
floor, talking to visitors as it rolls by: 
“Welcome to the robot exhibit. Come in 
and see my friends. Pleased to meet you, 
nice to see you.” Children show little fear 
of this electronic creation. 

“I didn’t realize the interactive potential 
of TOT,” says Hamlin. “Children speak 
right back to the robot when it asks them 
for their names. The children aren’t in- 
terested in the practical side of what it 
does, they relate to it as another person.” 

The Interpretive Robot section of the ex- 
hibit presents robots as they have been 



Commercially available robots, such as this RB5X, 
are also represented at the exhibition. 
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New York Robot Exhibit 


depicted by authors, screenwriters, sculp- 
tors, and illustrators. It emphasizes the im- 
portant role that fantasy and imagination 
play in the creation of real-life, practical 
devices. 

"It’s hard to clearly divide fantasy from 
reality,” observes Malone. “Fantasy and im- 
aginative thinking have led to reality. Reali- 
ty is in turn being refantasized . . . This is 
a constant cycle. Things that were being 
discussed in the 1930s, 1940s, and 1950s 


as science fiction fantasy are realities to- 
day.” He cautions, “Robots are discon- 
nected from people. You have to talk to 
people and educate them in order for 
change to take place. We are not going to 
have a robot revolution in the factory 
unless we deal with people’s suspicions. 
Otherwise, they will downgrade robots.” 
“I saw this robot in the movies,” com- 
ments a young man playing with a toy ver- 
sion of the Star Wars hero R2D2. “Hello 


there, how are you?” inquires a young girl 
of Androbot’s Tbpo robot.- It is clear that 
people of all ages leave the exhibit with 
much more positive feelings about robots 
than when they entered. The exhibit plays 
a major role in demystifying this new area 
of technology, by showing a clear connec- 
tion between our imagination and our 
desire to create. 

As this issue of Robotics Age goes to 
press, the show is about to start a 2%-year 
national tour. For information about 
schedules, contact: Sherry DeLeon, Coor- 
dinator of Circulating Exhibits, American 
Craft Museum II At International Paper 
Plaza, 45 West 45th St., New York, NY 
10036. 

All photographs were taken by Eileen 
Power during a visit to the American Craft 
Museum at International Paper Plaza in 
New York City. 
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Light industrial robots, such as this Seiko Instruments 
USA, Inc., Seiko RT 3000, demonstrate their preci- 
sion and agility. 



Robot toys have been with us for years. Seen here is a selection ranging from simple mechanical windup 
toys to modern electronic robot toys. 



Gene Oldfield of Robot Repair created this mechanized Playskool Adventurer for wandering about the house. 
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Meccano and the 

Home-Built Robot 

Keith W. Cameron, M.D. 

1368 Piper Road 

Spring Hill, FL 33526 


Would you like to build your own robot from a large selection of ready-machined 
parts? New wrist or elbow ideas require belts, cables, sprocket chain, metal strips, and 
small motors. The parts must be interchangeable and easily dismantled in order to 
allow design modifications. 

Welcome, then, to Meccano, a metal construction system that is an available source 
of the mechanical parts mentioned above and many more. Although not well-known 
in the United States, Meccano has been very popular in Europe, Canada, and many 
other parts of the world. It has been the childhood tool of many creative young minds, 
enabling them to give substance to their imaginings. Meccano systems have been wide- 
ly used in industry for their adaptability to experimental projects; they are well-suited 
to all forms of experimental model-building. 

The accompanying photographs show some of the available Meccano parts and also 
show a fully operational model of the Rhino XR-1, with Linear Slide Base and remote 
control, built entirely of Meccano parts. This model drew much attention as it perform- 
ed flawlessly throughout the three days of the Toronto Hobby 82 show in the Interna- 
tional Center. 



Photo 1. A general view of the completed model. 


Photo 2. The Linear Slide Base of the Rhino model. A motor-gearbox com- 
bination drives a shaft through a band and pulleys. This shaft carries a worm 
drive to a second shaft with a sprocket wheel around which a chain passes to 
another sprocket wheel at the far end of the base. 



28 


ROBOTICS AGE July 1984 






Photo 3. The range of sprocket wheels in the Meccano system, namely % in., 
1 in., P /2 in., 2 in., 3 in., and 4 in. diameter. The largest sprocket wheel has 
a flange for use with a ball cage. The smooth-edged race is also shown; this 
part is used in the model Rhino to provide a low-friction rotational bearing for 
the main mechanism housing. 



Photo 4. The sprocket 
chain system is used to con- 
trol movement of the 
shoulder, elbow, and wrist 
joints of the robot. The 
smaller sprocket wheels 
provide the input drive to 
give good mechanical ad- 
vantage. They are also used 
as idler wheels, and these 
are mounted on slotted-hole 
strips to allow adjustment as 
the chain slackens through 
use. This photo also shows 
one of three motor-gearbox 
combinations mounted on 
the rotating base. A worm 
gear on the output shaft 
drives a 60-tooth gear keyed 
on a shaft also carrying (in- 
side the frame) a pinion 
which meshes with a further 
60-tooth gear on the rod 
driving the small sprocket 
wheel. 



Photo 5. The hand and its two miniature motor-gearboxes, one working the 
wrist joint through a worm drive, the other gearbox moving the fingers to which 
it is linked by a driving band and pair of threaded rods. Note that the wiring 
to the motors passes along a keyway in a halfshaft at the wrist joint. 



m 


Photo 6. T\vo types of motors, the larger one providing a choice of six different 
output ratios, the smaller providing a choice of five different ratios— note the 
black knob and the five lines. These motors are DC permanent-magnet types 
that can be remotely reversed. They provide fully adequate power with 9 V in- 
put. Most internal gears are plastic, but with reasonable care, provide long life 
service. 



Photo 7. Some of the many 
types of Meccano gears. 
Note the wide range, from 
small Vie in. pinion with 15 
teeth to a large gear, 3 V 2 in. 
diameter with 133 teeth. 
Numbers of teeth are care- 
fully chosen to provide ex- 
act reduction ratios. Note 
also the bevel gears, the 
pawl and ratchet, the crown 
wheel, and the two sizes of 
helical gears. There is also 
a rack strip. 





Photo 8. A few of the great number of small special parts available. Here are 
seen several kinds of cranks, couplings, dog clutches, a universal coupling, a 
socket coupling, and fittings for threaded rods. 
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Photos 9 and 10. A small sampling of the huge selection of strips, plates, and 
pulleys available from Meccano. 


There are three possible sources for Meccano systems: 

U.S.A.: Dr. Clyde T. Suttle 
6062 Cerulean Avenue 
Garden Grove, CA 92645 

CANADA: RS Models 
Box 30178, Station B 
Calgary, Alberta T2M 4P1 
(403) 282-7787 

ENGLAND: MW Models 
4 Greys Road 

Henley-on-Thames, Oxon RG9 1RY 

Worldwide interest in Meccano model-building at an adult level 
of considerable sophistication has increased the number and size 
of clubs and guilds in many countries. Details of these clubs can 
be obtained by anyone whose appetite for Meccano-built designs 
has been whetted, by writing to any of the above sources. The 
author would also be happy to correspond with anyone interested 
in the subject. 
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The Role of Robots iR 
Flexible Manufacturing 

Systems 


Factory automation has been actively 
pursued in the industrialized nations of the 
world. One of the most promising concepts 
employed to that end is the Flexible Manu- 
facturing System (FMS). Many large manu- 
facturing organizations expect FMS to help 
solve their productivity problems and im- 
prove their business performance. They see 
the FMS as a business-driven route for im- 
proving profitability by reducing lead times, 
allowing rapid response to market condi- 
tions, increasing flexibility to accommodate 
a variety of product lines, and reducing 
manning levels. The FMS installations de- 
signed over the last few years have increas- 
ingly used robots as part of the system to 
achieve that competitive edge. This article 
describes the basic concepts of Flexible 
Manufacturing Systems and illustrates, with 
examples, the role of robots in FMS. 


FLEXIBLE AUTOMATION 

Until the 1950’s, the automation of 
manufacturing processes was limited to 
mass production systems. These systems 
are often referred to as “transfer line 


Venkitaswamy Raju 
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systems” to indicate the manner in which 
the parts are transported between work sta- 
tions. TVansfer line systems are designed 
to be used for a single type of product hav- 
ing a high volume of production. They are 
also highly efficient and are known for their 
extensive utilization of machines. Produc- 
tion in small quantities is uneconomical 
with these systems. 

Also, since the 1950s, the metal manu- 
acturing industry, which accounts for more 
than 30 percent of the GNP in most of the 
industrialized countries, has demanded 
more diversified products in smaller quan- 
tities. The invention of computer numeri- 
cally controlled (CNC) tools responded to 
these changing needs. These machines can 
provide middle-to-low-volume production 
capacity and high flexibility, making them 
suitable for small batch manufacturing. 
However, these systems have some draw- 
backs of their own, such as longer setup 
times, large work-in-process inventory, low 
machine utilization, and high manning 
levels. Flexible Manufacturing Systems 
evolved in the 1960s from the idea of com- 
bining the best features of the transfer line 
systems with those of the CNC machines. 


FLEXIBLE MANUFACTURING 
SYSTEM DEFIN ITION 

As yet, there is no precise and universally 
accepted definition for FMS. However, an 
FMS can be described as a process facili- 
ty under total computer control, with an 
automated work flow system producing a 
variety of parts in small batches within the 
stated capability and within a predeter- 
mined schedule. In simple terms, it can be 
defined as a system providing mass produc- 
tion economies in a batch production 
environment. 

At the center of the FMS concept lies 
Group Technology. Group Technology is a 
management philosophy which, when ap- 
plied properly, logically groups parts into 
part families. A flexible manufacturing 
system utilizes this philosophy and accord- 
ingly determines a single family of parts to 
be processed. The system employs one or 
more machining centers designed to pro- 
cess, at random, any number of parts be- 
longing to the predetermined part family. 
The basic mechanism utilizes the similari- 
ties of parts in a part family and reduces 
the setup and process times. The end 
result is increased production efficiency. 
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Figure 1. A typical FMS installation consists of machining centers, robotruck transport system, part washing 
station, tool load/unload station, tool magazine, pallet/part magazine, pallet/part load/unload station, com- 
puter control, and scrap removal system. 


FLEXIBLE MANUFACTURING 
SYSTEM^ I f^TAJT A1HO N _ 

Figure 1 shows the components and layout 
of a typical FMS installation. The com- 
ponents include: Machining Centers, Wire- 
Guided Robotruck System for part transfer, 
Part Washing Station, Tool Load/Unload 
Station, Tool Magazine, Pallet/Part Maga- 
ine, Pallet/Part Load/Unload Station, Com- 
puter Control, and Scrap Removal System. 


FLEXIBLE MANUFACTURING 
SYSTEM OPERATION 

The principles involved in Flexible 
Manufacturing Systems are shown in figure 
2. First, a program is loaded into the com- 
puter. When the program is run, it sched- 
ules, monitors, and controls the machin- 
ing operations for a specified number of 
parts. During this period, the work pieces 
are mounted onto pallets, balanced, and 
clamped. The pallets, loaded on a robo- 
truck, carry the work to the various 
machining centers. The machining opera- 
tions take place in one or more of the 
machining centers, depending upon the 
system complexity and production 
volumes. 

The computer continuously monitors 
the components under its control and 
makes necessary decisions concerning the 
various functional aspects of the system. 
The computer identifies the needs of the 
FMS components and allocates resources 
in the form of machining cells, tools, fix- 
tures, material handling systems, and in- 
spection modules. The only human inter- 
ference in the machining process occurs 
when there is a breakdown in the system 
function. If a breakdown occurs, the system 
diagnoses the problem and sends a mes- 
sage to the maintenance personnel. 


ROBOTS AND FM S 

A robot can change its movements freely 
according to the instructions given to it. 
It has the flexibility to perform a variety 
of tasks within its working environment 
and according to a predetermined sched- 
ule. These characteristics qualify robots as 
ideal Flexible Manufacturing Systems com- 
ponents. Robots may perform a variety of 
functions in an FMS operation. These 
functions include: loading and unloading 
of work pieces and tools, machining, as- 
sembly, finishing, painting, and inspection. 


The robots may function as part of a ma- 
chining cell or as machining cells them- 
selves. Special types of robots, known as 
robotrucks, are used exclusively in flexible 
manufacturing systems for transporting 
work pieces. They are either wire-guided 
or rail-guided vehicles operating under 
computer control. These transporting 
mechanisms, with their increased flexibility 
and reduced capital outlay, appear to be 
the most popular means of transporting 
material between machining centers. 

Although robots are used in flexible 
manufacturing systems in various ways, this 
article describes only those applications in- 
volving painting, assembly, and load/unload 
operations. 

Painting . A typical FMS installation built 
for a painting operation is shown in figure 
3. This system consists of a load/unload 
station, a preparation station, a painting 
station which uses two robots, a transport 
mechanism for part transportation, an 
oven to cure the paint, and a computer to 


control the functions of the FMS com- 
ponents. The computer controls each of 
the elements with the help of separate con- 
trol units. All the control units are syn- 
chronized to the conveyor speed. 

System operation is very simple. The 
robots are first taught how to paint the ap- 
propriate portions of the part. The parts 
are then loaded onto the conveyor at the 
loading station, degreased at the prepara- 
tion station, and moved to the first paint- 
ing station. Photoelectric sensors monitor 
part movement. When a part arrives at the 
first painting station, Robot 1 paints half 
of the part. The part then moves to the 
second station, where Robot 2 paints the 
second half of the part. From there, the 
part moves to the oven for curing and final- 
ly to the unloading station. 

Functioning as central units, the robots 
in this installation are an integral part of 
the flexible manufacturing system. The 
system paints in batch quantities of less 
than 1000 and responds quickly to 
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Figure 2. Inputs such as raw materials, energy, and machining data flow into the machining cell which operates 
under computer control. Outputs such as finished machined parts, scrap material, and control data are produced. 


changes in customer demand. As a result, 
productivity is increased. 

Assembly. An assembly operation con- 
sists of several steps. Parts are brought to 
the assembly station, where they are posi- 


tioned and fixed. The parts are then 
assembled and inspected. Finished parts 
are removed in preparation for final 
assembly. Assembly may involve screwing, 
press fitting, fitting, bonding, caulking, etc., 


of the parts supplied to the assembly 
station. 

The nuts and screws used in the 
assembly are usually supplied by simple, 
mechanically operated units, such as 
vibratory ball feeders. The main parts to 
be assembled are transported to the 
assembly station by means of conveyors. 

Flexible manufacturing systems using 
robots for assembly vary from one to 
another in their configuration, depending 
on the characteristics of the parts to be 
manufactured. However, the assembly cell 
usually consists of the assembly robots, 
specially designed grippers to perform such 
operations as caulking, assembly machine 
components such as spiral screw machines, 
presses, and various sensing devices. The 
sensing devices may vary in complexity 
from tactile sensors to vision sensors. 

One popular FMS configuration that 
uses robots for industrial assembly applica- 
tions is shown in figure 4. The figure shows 
the part, which was loaded onto a pallet 
and then brought to the assembly station 
on a mobile conveyor, in position for 
assembly. Hydraulically activated pins hold 
the pallet in position. The robots used in 
these applications pick the components 
from the part feeders and perform the 
assembly operations. Once the operation 
is completed, the holding pins are deac- 
tivated and the pallet is allowed to move 
to the next work station. 

An assembly cell such as this is expected 
to be highly flexible, capable of assembling 


IT CAN WALK. IT CAN GRAB. IT CAN FEEL. 
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a variety of products, efficient under fre- 
quent setup changes, easy to set up, and 
able to function unattended. 

Loading and Unloading. The most 
general case of a machining cell using a 
robot for loading and unloading is il- 
lustrated in figure 5. In this case, the work 
is brought to the machining cell by a con- 
veyor. The control system activates the 
robot arm, which picks up the suitable 
gripper from the hand-supply storage. The 
robot then moves to the work, grips it, 
transports it to the CNC machine, and 
orients and positions it on the work table. 
Once the machining is completed, the 
robot removes the part and places it at the 
output station for further processing. The 
system monitor detects any abnormalities 
and reacts accordingly. The robot performs 
the sequence of operations just outlined 
for a given batch of parts before it changes 
the gripper for another batch. The variety 
of the parts that can be machined in this 
cell is determined not by the robot, but by 
the CNC machine. 


CONCLUSION 

Increasing customer demand for diversified 
products has pushed the manufacturing in- 
dustry toward batch production environ- 
ments, making the Flexible Manufacturing 
System concept very appealing. The suc- 
cess of FMS depends heavily upon the flex- 
ibility and reliability of its components. 
With their excellent characteristics and 
adaptability, robots are gaining importance 
as FMS components. Their role will be fur- 
ther enhanced as they gain more sensing 
capabilities. 
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Figure 3. A typical FMS painting operation consisting of two painting robots, a curing oven, and prepara- 
tion area. 




Figure 4. The assembly robot picks the part from the feeder and performs the assembly operations. The 
holding pins on the pallet are deactivated after the procedures are completed. 
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Figure 5. The robot moves to the work on the conveyor, grips the piece, transports it to the CNC machine, 
and positions it on the work table. The part is removed after machining and sent on for further processing. 


A Review of the 
Colne Armdroid l 


Derek F. Stubbs 
PO Box 155 
Vicksburg, Ml 49097 


The Armdroid I, made by a British com- 
pany called Colne Robotics, is available 
from the U.S. distributor, D&M Comput- 
ing, Inc., Box 2102, Fargo, ND 58107. The 
company founder is John Reekie, who is 
sometimes referred to as “the Henry Ford 
of robotics” because of his dedication to 
low costs and his prolific product line. The 
Armdroid II is a $4000 industrial robot, 
while the Zeaker is a mobile, turtle-type 
robot selling for less than $200. A video- 


guided mechanical arm is soon to be 
available. 

The Armdroid I is a programmable robot 
arm which can be driven by inexpensive, 
readily available microcomputers. I con- 
trolled mine with a Timex/Sinclair 1000T M 
Although the T/S 1000 is no longer being 
manufactured, they are easily found at 
computer meetings and yard sales. You can 
buy boards to control the arm with other 
computers, such as the Apple IIT M 


The arm can be purchased either assem- 
bled or in kit form. Available accessories 
include a 110 VAC to 13.8 V transformer, 
an RS-232 interface, a cassette program, 
two manuals, and all necessary cables. I 
opted for the ready-assembled version. It 
plugged together with no problem (I found 
no instructions, but it was quite obvious). 
The cassette loaded in a few minutes, and 
I was ready to learn how to manipulate and 
program the arm. Frankly, I was surprised 



Photo 1. Overview of the Colne Armdroid I 
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at how easy it all was. Then I stepped back 
to ask myself, “Now what can I really do 
with this, and what is it?” 


THE ARM 

The arm has a shoulder, an elbow, a wrist, 
and a gripper. These joints are driven by 
six motors which activate a rubber belt- 
driven gear array. The gear array, in turn, 
manipulates the joints using string cords. 
The shoulder rotates 360 degrees in the 
horizontal plane upon a sturdy base. You 
are unlikely to tip the base over before you 
overload the gears and motors; however, 
the base should be anchored for safety. 
When a joint reaches its limit, or the 
pickup weight is too great, the cord drives 
start to slip. This reduces the chance of 
damaging the arm. 

The shoulder can rotate the upper arm 
from 45 degrees below the horizontal to 
45 degrees beyond vertical— a range of 180 


degrees. The shoulder-axis-to-elbow-axis 
distance is 19.5 cm. The forearm rotates 
in the same vertical plane as the shoulder 
in the arc-range 135 degrees to 225 de- 
grees. Thus it mimics the human forearm 
in flexion on the upper arm, but is more 
flexible, by 135 degrees, in extension. The 
elbow-axis-to-wrist-axis distance is 16 cm. 
The wrist axis is 10 cm. from the gripper 
tip. The wrist can be rotated 360 degrees 
about the long axis of the forearm. It can 
also be flexed 135 degrees onto the fore- 
arm or extended 90 degrees— both move- 
ments being in the same plane as the 
shoulder and elbow. 

Thus the Armdroid I can reach an outer 
envelope, which is a hemisphere of radius 
46.5 cm. with the center pivot as its center, 
and a circle on the table top with a radius 
of 45 cm. (The base of the shoulder rota- 
tion plane is 12 cm. above the table top). 
The gripper tips can touch anywhere with- 
in this region, except the central volume 
occupied by the base. 

The gripper has a very interesting de- 


sign. There are three fingers, each with a 
proximal phalanx of 3.5 cm. upon which 
a distal phalanx of 3 cm. flexes and ex- 
tends. The gripper will close entirely or 
open to grip an object up to 10 cm. in 
diameter. It picks up a full wine glass, 7 
cm. in diameter, with no problem. Each 
finger is fitted with a rubber pad to aid in 
gripping slippery and fragile objects. The 
gripper can easily hold an egg— although 
it is strong enough to break it. (I do not 
recommend testing this second benchmark 
—it gets to be messy.) A pencil can also 
easily be held. 

The cords which drive the arms are all 
attached with springs. This ensures that a 
suitable tension is maintained, and no re- 
laxation occurs as the arm operates. 

The motors run a little hot, and I 
smelled burning paint for the first few 
hours. A call to Colne Robotics assured me 
not to worry about this. You can turn the 
motors off from the keyboard, or simply 
switch off the transformer during rest 
periods. 
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DOCUMENTATION 


OPERATING ARMDROID 


The 78-page main manual is a well- 
produced and clear document on con- 
struction and operation. There are many 
fold-in diagrams to help in building the 
device. As I said, I did not construct my 
Armdroid, so I do not know how good 
those instructions are. I read them and 
they seemed clear enough. Some special 
hex wrenches are supplied for adjustments, 
but I have never needed to use them. The 
manual contains source code routines for 
operating the Armdroid. 

The second manual is 39 pages long and 
describes how to use the Armdroid with 
the Timex/Sinclair 1000. A complete listing 
and explanation of the driver program is 
given. I found this very useful and well writ- 
ten. However, with regard to applications, 
you are on your own; I would have liked 
some examples. I understand an upgraded 
manual is to be released shortly. 


After loading the cassette tape, I im- 
mediately saved the program on my Aerco 
disc, so that I could load it in seconds in 
the future. The Armdroid interface did not 
interfere with the areas in memory that are 
used by my Aerco disc system or my Memo- 
pak Centronics™ interface, so I was able 
to list the program, write, and copy pro- 
grams while the robot interface was con- 
nected. I was also able to copy menus in 
the program for use as reference cards. 

You can operate the robot remotely from 
the Timex/Sinclair 1000 keyboard. Press- 
ing any one of 16 keys activates one of the 
joints and sends it through its range of mo- 
tions. I recommend you play at this activi- 
ty for some hours, so that you can get a 
feel for the individual movements neces- 
sary to accomplish an overall movement. 
Learning to pick up an object and put it 
down in another place may require several 


hours. Still, it took you over a year to learn 
how to do this with your own arm. To ac- 
complish a particular movement, a series 
of motions must be activated, each for a 
certain length of time. 

Your second project should be to read 
carefully through the entire manual. I was 
equally impressed and daunted by the com- 
plexity of the software. Many useful sub- 
routines have been provided, so you do not 
have to reinvent the wheel. You can ex- 
ecute motions with the Armdroid, and the 
program will remember the kind and speed 
of the motion. 

The Armdroid software makes it easy to 
perform a movement sequence. You first 
reset the program and drive the robot to 
the point where you want to start the se- 
quence. You then drive the arm to points 
two, three, and so on, and press P to save 
each point location. Then, going back to 
the menu, you have a number of choices. 
The program has stored the points and can 



Photo 3. Gripper Showing Three Finger Arrangement 
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SMALLEST 
HIGH PRECISION 
INFINITE RESOLUTION 
POTENTIOMETERS. 

Model 5010 10-turn Potentiometer, only 1.5" long, 
0.5" dia., offers linearity of 0.1%; Model 55 Single 
Turn Rotary, 0.5" long, 0.5" dia., has 0.5% lin- 
earity; Model 125 Linear, 1.5" long X .280" X 
.3125", has 2.0% linearity. All use Vernitech’s 
unique conductive film resistance element and 
precious metal alloy wiper, with virtually infinite 
resolution. 



VERNITECH 

a division of Vernitron Corporation 

300 Marcus Boulevard, Deer Park, N Y. 11729 
(516) 586-5100 / TWX 510-227-6079 


Class ified 

Advertising 


DATA CONVERTER gives ADC/ 
DAC capability to APPLE ll/IIE/lll! M 
COMMODORE 64™ Use with RO- 
BOTICS, SENSORS. $199. NALAN, 
Box 1426, Boone, NC 28607. 


STEPPER MOTORS: Ball bearing, 
hi-torque, I2V/IA/200 steps/rev. $5.95. 
Robot arms $249. Servo motors, pow- 
er supplies, X-Y tables and more! Com- 
puter Parts Mart, 415-493-5930. 


get to each one from the previous one in 
the most economical way. You can home 
the arm; get it to go through your se- 
quence of points, once or as many times 
as you wish; and you can even alter the se- 
quence of points. All of these actions are 
accomplished by simply touching an ap- 
propriate key. There is no need to use the 
enter key or any multicharacter commands. 
From the user's point of view, learning and 
operational ease and the menu-driven fea- 
tures make this machine an excellent 
teaching tool. Three children, aged six to 
ten, learned how to operate it in a few 
minutes. “User friendly” is a very overused 
phrase, but it certainly is appropriate in the 
case of the Armdroid I. 

I tried out the Armdroid with two prac- 
tical movement sequences. Both took on- 
ly a few minutes to program. In the first 
movement I had the arm pick up a ping- 
pong ball and drop it in a box in another 
position. The movement usually succeeds, 
but not always. Moving any of the arm 
joints causes some small motion in another 
joint. Thus, you need patience, practice, 
and minor adjustments for such move- 
ments to work. The finer the movement, 
the more difficult it is to repeat. 

One solution to the problem is to move 
rapidly to the general area where the ob- 
ject to be grasped is located. A series of 
small movements would then be necessary 
to orient the gripper precisely. The arm 
could then move in and grip the object. 

The second movement I tried turned out 
to be easier than the first. I put a rubber 
stamp in the gripper and programmed the 
arm to repeatedly ink the stamp and stamp 
a piece of paper. Again, this cannot be 
done in one movement —this time not due 
to joint slippage, but due to the efficiency 
of the program. The control program 
moves the arm from point A to point B in 
the most direct fashion. You must emulate 
the human action of down-up, move lateral- 
ly, down-up, move back, down, etc. The 
quality of the result was not great, but I 
was impressed by it. The six-point move- 
ment was executed smoothly and accurate- 
ly over hundreds of sequences. 1 raised the 
ink pad and the paper slightly, so that the 
arm pressed down firmly on both objects. 

My third test movement turned out to 
be quite easy, once I had learned the 
lessons from the previous two movements. 

I programmed the arm to pour water from 
one paper cup into another one. Then it 
poured the contents of the second cup 


back into the first cup. It can do this a hun- 
dred times without spilling a drop. 

As I mentioned, movement repeatabili- 
ty is quite good. 1 had the arm hold a fiber- 
tipped pen, dab on a piece of paper, pick 
up the pen, rotate the whole arm through 
360 degrees, and repeat the movement. 
Most of the variation in the mark on the 
paper was due to the pen slipping in the 
gripper. The series of dots, however, oc- 
cupied a space no larger than a quarter 
(2.5 cm. diameter). 

Although the brochure from Colne Ro- 
botics shows the Armdroid writing its own 
name, it would take many hours to ac- 
complish such a programming feat. 

The Armdroid manual explains how you 
can write your own movement control pro- 
gram by activating the motors in any de- 
sired sequence and for any duration. You 
can do this by suitable machine-code sub- 
routine calls. The main program, of course, 
does this at a high level. If you want prac- 
tice writing your own arm-control pro- 
grams from scratch, then the software pro- 
vided is an excellent laboratory from which 
to start. I must confess that I found this 
process straightforward, but tedious. This 
has nothing to do with Armdroid, but 
rather is a fact of life. I think that it would 
be good practice for programming other 
devices that are not equipped with a high 
level command program. For example, it 
is possible to write a classical robotic pro- 
gram line such as, turn wrist 10 degrees , 
from the software instructions provided. 


SUMMARY 

So what good is the Armdroid? It is main- 
ly an educational tool. It helps you explore 
arm mechanics and movement sequencing. 
You can learn about interfacing and how 
to create programs to accomplish complex 
activities. Since you can immediately see 
the results of your work, the process is 
quite rewarding. 

The Armdroid I is a well-made piece of 
hardware that comes with a user-friendly 
manual and control program. It is an easy- 
to-learn, inexpensive, educational or ex- 
perimental robot arm. □ 


Reader Feedback 

To rate this article, circle the appropriate number 
on the Reader Service card. 

74 84 94 
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Take 
Control 

Introducing the CYBOT Gripper It is dc motor driven and is 
quiet and quick acting. At only $249.95 it's ideal for 
education, research, and light-duty industrial applications. 

The Gripper features four sensory outputs: forward and 
reverse limit switches, jaw position and force. Additional 
specifications include: 

• 0"- 2" grip range • size: I" x6" x 3" 

• 10 lb squeeze force • replaceable jaw pads 

• weight: 6 oz 

A universal attachment plate, with through tapped holes, 
makes mounting the gripper easy. 

Ordering Information 

CYBOT Gripper $249.95* (call for qty discounts) 


MOVING? 

Please be sure to send us both your old address and your new 
one. You may attach your mailing label from the magazine cover, 
or print your name and address exactly as it appears on the mail- 
ing label. Allow eight weeks for processing. 


Old Address 


Name 


Company 


Street 

Town/City 

State 


Zip 

New Address 




Name 


Company 


Street 

Town/City 

State 


Zip 


Mail to: 


CYBOT, Inc. 

733 7th Avenue 


(206) 827-6199 

•Terms: RO. or check. Washington 


Robotics Age/Subscriptions, 174 Concord St., Peterborough, NH 03458 


Kirkland, WA 98033 residents add 7.9% sales tax. 



Hard to 
keep up 
with what’s 
going on 
in AI? 

You need 


Artificial Intelligence. 


An Annotated Bibliographic Catalogue. 


Store 

910 Massachusetts»Suite 503RA* Lawrence. Kansas*66044*USA«913/842-7348 

Yes, please send me more information. 

Name 

Address 

City State Zip 



PERSONAL ROBOTICS EXCLUSIVELY 

FACTORY AUTHORIZED DEALERS 


l:M T » T7 3 


SALE MJaiM-l 


5995.00 5785.00 


2295.00 
245.00 

1495.00 
94.00 


IOWA PRECISION 

Marvin MKI 
RB ROBOT 

RB5X Base Unit 
Voice Card 
Arm Module 
Battery Charger 
Vacuum Attach. 

Fire Ext. Attach. 

Other Items 
* ‘See Software Section 
"See Language Section 
Adding Other Lines ( 

Lild List 

MOVIT 

Screwdriver Kits— No Solder— FUN 


2058.50 

219.75 

1341.00 

84.32 

CALL 

CALL 

CALL 


Avoider 44.95 

Circular 67.95 

Line Tracer 39.95 

Medusa 27.95 

Memoconcrawler 74.95 

Monkey 24.95 

Mr. Bootsman 30.95 

Peppy 24.95 

Piper Mouse 44.95 

Sound Skipper 24.95 

Turn Backer 39.95 

HARVARD ASSOC. 

Tasman Turtle 399.00 

Turtle Tot 299.00 

' *See Language Section 
ROBOT SHOP 
Droid Bug 129.95 

Z1 149.95 

Z-2 249.95 

XI 399.95 

RHINO, SPECTRON, SCOTT INSTR., 
MICROMATION, NAT’L. ROBOTIC 
SYSTEMS, OTHERS CALL 


40.15 

63.75 

36.75 

26.25 

70.15 
23.65 

29.25 
23.65 
40.13 
2365 
36.75 

365.00 

275.00 


122.00 

136.50 

223.50 
360.00 


RB ROBOT 

Robot Control Language 
With SAVVY 
Apple 1 Disk 
Apple 2 Disk 
Less SAVVY 
Apple 1 Disk 
Apple 2 Disk 
Application Proms 
New Items Every Week 
RGR EDUCATIONAL 
SOFTWARE 
For SAVVY 

i w K M mi l 

EXCALIBUR 

SAVVY ONE 

Apple 1 Disk 34! 

SAVVY PRO 

Apple 2 Disk 49! 

SAVVY XT. PC. 

PC Jr. 39! 

HARVARD ASSOC. 

PC Logo 

(Clones, Too) 14! 


455.00 
595 00 


179.00 

185.00 


408.00 

533.00 

160.00 
166.00 

CALL 

CALL 

SALE 

325.00 

435.00 

362.00 

135.50 


SHIPPING OVER $200 ADD 4% 
$200 AND UNDER ADD 5% 
CASH WITH ORDER DEDUCT 3% 
N.M. ORDERS ADD 4V«% SALES TAX 
ALLOW 3 WEEKS FOR DELIVERY 


RIO GRANDE ROBOTICS R£H 

1595 W. Picacho #28, Las Cruces, N.M. 88005, Tel. (505) 524-9480 
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EMTROL’S SBC 828 

MICRO CONTROLLER 



Part No. 


Part No. 


SBC- Basic Controller with $275.00 

828-C 2 K Memory 

EPS-5 SBC 828 Power Supply $140.00 

EAB-6 SBC 828 Aux. Board with $1 52.00 

Space for 6 I/O Modules 
EM-1 SBC 828 Modem $362.00 

ECM-1 SBC 828 Memory $202.00 

Expansion and Clock 

EME-24 SBC 828 24 Bit I/O $152.00 
Expander 


EPT-1 SBC 828 Prototype Card $94.00 


EAD-4 SBC 828 4 Channel (Available 

Analog Input Board 5/1/84) 
ETM Tech Manual $35.00 

ELB-1 SBC 828 Utility Library $40.00 

EMC-2 61 16 RAM 1C $10.00 

EMC-2E 2716 EPROM 1C $10.00 


(Up to 8K RAM or EPROM 
may be added to Basic Controller) 


Prices: Prices are FOB Lancaster, PA. Prices are subject to change without notice. Terms 
& Payment: Terms are net 30 days with open accounts. Credit cards, C.O.D. and company 
checks accepted. Quantity Orders: Contact EMTROL for quantity discounts. 


FOR INFORMATION, TECHNICAL ASSISTANCE 
AND ORDERING INFORMATION CALL 
1 - 717 - 397-2531 


MICROCONTROL! 



THE R8E IS A COMPLETE ACQUISITION AND CONTROL COMPUTER 
SYSTEM. ITS ONBOARD 4MHZ Z8* PROCESSOR ALLOWS STAND 
ALONE OPERATION, OR TAKES COMMANDS FROM A PERSONAL 
COMPUTER. RUGGED MOUNT FOR FIELD OR MOBILE USE. 
PROGRAMS IN BASIC . EXTENSIVE REAL-WORLD PORTS, LIKE AC 
POWER CONTROL AND 8 CHANNEL ANALOG INPUT ARE 
STANDARD; NO EXTRA BOARDS TO BUY. CASSETTE, SERIAL, 
AND 3 PARALLEL PORTS INCLUDED. ITS 16K BASIC MEMORY 
CAPACITY IS EXPANDABLE. ONBOARD POWER SUPPLY ALLOWS 
AC OR BATTERY OPERATION. IF YOU HAVE A TOUGH REAL-WORLD 
CONTROL APPLICATION IN PROCESS OR AXIS CONTROL, DATA 
LOGGING, ROBOTICS, OR COMPUTER INTERFACING, THE R8E IS 
THE ANSWER! PRICES START AT ONLY $399. CALL NOW! 

H.H.S. MICROCONTROLLERS 

5876 OLD STATE 
EDINBORO, PA 16412 


Emtrol, Inc., 123 locust street. Lancaster, pa 17602 


( 814 ) 734-4338 

*Z8 is » trademark of Zilog loc. 



ROBOTIC 

SPECIALIST 


ESTABLISH THIS KEY DIVISION 


• Our client is looking for a robotics specialist to in- 
terface with engineering/construction corporate 
executives. 

• This is a permanent position for someone with 
diversified robotics experience. 

• East Coast location 

• Excellent corporate benefit package 

• A graduate degree is preferred 


For confidential consideration 
Please call or write: 


Trish Porter 

CHRISMAN & SPRINGER 

5855 Topanga Canyon Blvd., #230 
Woodland Hills. CA 91367 
(818) 710-8955 


FREE 

CATALOG 

ROBOTICS 

ARTIFICIAL 

INTELLIGENCE 


BOOKS 


If you've been looking for books on Robotics and Artificial 
Intelligence, but can't find them at your local bookstore, try us. 
We specialize in Robotics/AI books for hobbyists and 
professionals. Whether you're interested in building a robot, 
the state-of-the-art in industrial robotics, or intelligent 
machines, we have the selection and service you won't find 
elsewhere. Join our hundreds of satisfied customers. Circle our 
reader service card number or send this coupon directly to us 
for fast response. 

H.D. KOHN CO. 

P.O. Box 16265 Alexandria, VA 22302 

H.” KOH”co! ”^."bo”6265” TlEXANDr” VA 22302 | 

Send a catalog to: * 

Name 

Add ress 

City/State 

ZIP 

Your Source for Robotics/AI Books 


i 
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NOW ANYONE 
CAN TALK 
TO HERO-1 " 

ANDROTEXT is a high-level 
language for programming 
personal robots. 

If you can understand BASIC 
or FORTRAN, you can write 
ANDROTEXT. 



Available for most 64K home computers and many 
personal computers. 

ANDROTEXT Editor and Compiler for HERO-1”, 

$299. 



MMHWNIX 


Send for details 

Mail to: Robotronix Inc., Box 1 125 
Los Alamos, NM 87544 

Name. 

Compute r 

Address 

City 


HERO-1 is a trademark 
of Heath Company 


State 


Zip 


Stepping-Motor Driver Box 
with on board BASIC in ROM 

Controls Motion from any CRT or Computer 



HOOKUP AND GO! 
Provides all required power 

Drives 4 motors at up to 5 amps per winding 
while sensing 8 limit switches 

STEPPING-MOTOR TIPS COOKBOOK: $8 
with 3-D software & schematic 
BIG STEPPER: 

Parallel Version $495/card only $175 
Smart Version (RS232) $935 /with BASIC $985 
Centre Computer Consultants, (814) 237-4535 
P.0. Box 739, State College, PA 16804 


INDUSTRIAL TRAINING ROBOT 




HYDRAULIC SERVO ROBOT 

The POLARIS is one of eight Industrial Performance 
Robots designed by Amatrol especially for training. Industrial 
grade electrohydraulic servo components and state-of-the- 
art robot controls give students real-life training in the 
classroom. 

The POLARIS with its competency-based courseware is an 
extension of the Amatrol Basic Hydraulics and Electrohy- 
draulic Servo programs allowing complete training from 
Basic Foundation Technology through Robotics. 



Write for More Information 


AMATROL 


P.0. Box 2097 Clarksville, IN 47131 812-288-8285 




NITINOL 

Shape Memory Alloy 


NITINOL WIRE for ex- 
perimenters; $4 per foot, 
Minimum order $20. 

DESIGN AND BUILD your 
own Robot grippers with 
few moving parts. 

HEAT ENGINES WHICH 
RUN ON HOT AND COLD 
WATER. 

Heat-Actuated valves, sensors, 
shutters, controls. 




Send $3 for 3-inch sample of 
wire and information on Nitinol to: 

TiNi Sales 

3593 Boyer Circle 

Lafayette, CA 94549 
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Editorial 


Continued from page 3. 

to have this capability, I still can’t be convinced that the 
problems this application poses are anywhere near solved. 
Designing a robot with a built-in vacuum cleaner is sim- 
ple. Trying to deal with a cluttered house with constantly 
rearranged furniture, moving pets, and curious children 
is the difficult part. But what if we simplified the problem? 

Let’s define a hypothetical maze. The basic maze struc- 
ture never changes. It is composed of long, parallel cor- 
ridors which meet at T-intersections. The floor height never 
changes, no movements from rugs to wooden floors, etc., 
and the robot will rarely need to react to a moving object. 
Now the task has been considerably simplified. This con- 
strained environment is typical of many supermarkets, hard- 
ware stores, and discount stores. I’m sure many shop owners 
would like to have their floors vacuumed and polished each 
night. Adding smoke, fire, and intruder detectors would 
further increase the robot’s usefulness. 

Or, how about a robotic machine that vacuums and 
polishes auditorium floors? Typically, people remove all the 
chairs and obstructions from the auditorium before clean- 
ing. They then repeatedly take the vacuum or polisher up 
and down the length of the auditorium. Basically, what they 
are cleaning is a large, empty box. A suitably powered robot 
turtle with accurate ranging capabilities would be very useful 
in this situation. Various algorithms could be designed to 
ensure that the robot covers the entire area. Since most 
of the walls would be fairly regular, the robot could use 
a general-purpose algorithm for most of the area. Special 
procedures could be developed on a case-by-case basis for 
any unusual shapes or situations encountered on a par- 
ticular job. 

There is nothing wrong with telling the robot precisely 
what to do. The first guideline for constructing service 
robots should be, “Don’t try to build a general-solution, 
do-everything robot. Build a machine that does a particular 
job, and does it well.” If it is necessary to develop special 
code for a specific situation, do it. Nice general-purpose 
solutions may be technologically elegant, but they are not 
always the best solution to a problem. In the auditorium- 
cleaning example, any special routines needed to solve a 
specific problem would need to be developed only once 
and could be used for years. 

Another design consideration for service robots is cost. 
Service robots should be economical. An economical robot 
design does not necessarily mean it is cheap. An 
economical design is one that does a job well and is com- 
parably priced, or less costly, than the current methods. 
A robot that cannot perform its destined task as well as 


and as cheaply as it is being currently done by people is 
not worth designing. If you can show a businessperson that 
your service robot will save money, you have taken the first 
step towards a sale. 


KE EP THEM RUNNIN G 

Service robots should be built to last several years under 
continuous use and abuse. They should be sealed so that 
the outside world’s dust and dirt cannot get in and 
lubricants or battery chemicals cannot get out. Nobody 
wants a messy robot running around the office. How about 
cleaing the robot itself? Maybe they should be designed 
to run into a shower to rinse off. 

No matter what office or business environment a ser- 
vice robot is used in, it will always be subject to abuse. 
People will drop things on it, children will kick it, and, 
no matter how well it is designed, it will run into the occa- 
sional wall. Be prepared: build the robot to be overloaded, 
overused, and undermaintained. The robots should be so 
well constructed that the term “built like a Mack truck” 
would someday be replaced by “built like a service robot.” 

Service robots should also be easy to repair; not sim- 
ple, mind you— just easy. Easy to repair does not mean 
that anyone can fix it. After all, you might change the oil 
in your car and check the battery fluid level, but most peo- 
ple bring the car to the service station for repairs. Likewise 
you should be able perform the day-to-day maintenence 
on a service robot without having a degree in mechanical 
engineering. If something really goes wrong, you could 
always bring it back to the shop. 


IT WORKS, GUARANTEED 

I’ll close with one last thought. Guarantee your product. 
When I buy my service robot, I would like to know it will 
function for some time or the manufacturer will correct 
the problem. The 30-day guarantee which seems to be stan- 
dard throughout most of the microcomputer industry is 
just not sufficient. In 30 days, I expect a service robot to 
just be getting broken in, not broken down. 

Perhaps service robot manfuacturers will need to develop 
a guarantee similar to the automotive industry. Perhaps 
a guarantee for 1 year or 1000 windows might become an 
industry standard. □ 
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Forth Controller 

he PROATROL single-board control 
system functions as both a develop- 
ment system and a powerful dedicated stand- 
alone controller. It is available as a standard 
board, programmable by the user with a 
personal computer or terminal, or, at addi- 
tional cost, preprogrammed to customer 
requirements. 

Based on the Rockwell R65F single-chip 
microcomputer, the board contains a Forth 
operating system in its internal read-only 
memory. The 5 by 8 in. PROATROL board 
includes onboard I/O options with RS-232 


and 20 mA serial interfaces, plug-in sockets 
for I/O modules, an analog-to-digital con- 
verter, half-bridge power drivers, optically 
isolated inputs, potentiometers for level or 
speed settings, DIP switch inputs, open col- 
lector outputs, +5 V regulator, in-circuit 
EEPROM programming, sockets for up to 
14 Kbytes of memory, and bus expansion. 

For further information, contact: Conrad 
Seagroves, VP Marketing and Sales, PROA 
Corp., 4019 Edith NE, Albuquerque, NM 
87107, telephone (505) 344-2106. 

Circle 20 



Real-Time IBM PC Operating System 


/l/yTOS-86, the real-time multitasking 
JL r X operating system developed by In- 
dustrial Programming, Inc. for the 
8086/8088 is now available for the IBM PC 
and compatible machines. Designated 
MTOS-86/PC, the system allows the PC to 
be used in a wide variety of control and data 
acquisition applications, including factory 
automation, chemical process control, and 
alarm reporting systems. 

MTOS-86/PC has full control of the PC 
and all its peripherals, including keyboard, 
disk drives, timer, interrupt controller, and 
process I/O systems. The system allows users 
to attach custom hardware drivers. 


MTOS-86/PC is distributed on diskette in 
PC format. The disk includes the executive, 
console driver, debugger, a run-time inter- 
face for the Intel C compiler, and a 
test/demonstration program. Price for a 
single copy of MTOS-86/PC is $495. User- 
level manuals are included. Technical sup- 
port is available for an annual fee of $125. 
The support fee includes one complete set 
of updated diskettes per year. 

MTOS-86/PC is available from Industrial 
Programming, Inc., 100 Jericho Quadran- 
gle, Jericho, NY 11753, telephone (516) 
938-6600. Circle 21 



Voice Card 
Replaces Keyboard 

T Toice I/O functions are now available 

\ for the IBM and IBM bus-compatible 
computers. The VPC 2000 Voice Card from 
Votan provides voice recognition, speech 
generation, and telephone management 
capabilities on a single plug-in card. With 
the accompanying software utility, Voice Key 
Software, you can use the Voice Card im- 
mediately for speech command and control 
of programs you currently use on your PC. 
The Voice Card allows you to define up to 
64 utterances that are linked to sequences 
of keystrokes up to 30 characters in length. 
At runtime, the card listens for voice com- 
mands and automatically types the key 
strokes linked to each command when it is 
uttered. 

The Voice Card features Votaris newest 
technology, continuous speaker-dependent 
recognition (CSDR), which allows an in- 
dividual to speak to the computer in a nor- 
mal conversational flow, without pauses be- 
tween words. A word spotting capability will 
pick out target words located anywhere 
within a stream of normal conversation. 

According to Votan, their technology is 
the only commercially available speech 
recognition system that operates over stan- 
dard telephone lines. This ability allows you 
to talk to your PC from remote locations, 
as well as have it respond verbally. Tele- 
phone capabilities provided by the Voice 
Card include auto answer, autodial, DTMF 
encoding and decoding, and others. The 
Telephone Manager software program pro- 
vides immediate access to these hardware 
facilities. 

The single Voice Card board, microphone, 
speaker, software, and documentation are 
listed at $2,450. For more information, con- 
tact: Votan, 4487 Technology Drive, Fre- 
mont, CA 94538, telephone (415) 490-7600. 
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Adaptive Touch Robot 

daptive Intelligence Corp has an- 
nounced an all-electric robot designed 
specifically for high-speed precision, small 
parts assembly. The robot, called AARM for 
Adaptive Assembly Robotic Machine, is an 
overhead gantry type which uses what the 
company terms an intelligent gripper adap- 
tive touch feature to feel for part locations. 
Digital servo design combined with optical 
encoders is employed for accurate position- 
ing with ±0.001 in. repeatability. 

The AARM system provides three pro- 
ramming methods: teach pendant, on-line 
or off-line program development with an 
IBM PC. Adaptive Intelligence has de- 
veloped a high-level interactive and exten- 
sible programming language to make both 
on-line and off-line programming easy, fast, 
and versatile. 

For more information, contact: Jim Breen, 
VP Sales, Adaptive Intelligence Corp., 2944 
Scott Blvd., Santa Clara, CA 95050, 
telephone (408) 970-0777. Circle 23 


Color Control 

or less than $150, TRS-80 Color Com- 
puter users can add a B-80 module 
and control as many as eight AC loads. The 
B-80 module plugs directly into the com- 
puter’s Program Pak socket and uses BASIC 
language instructions for programming all 
input/output functions. The B-80 accepts as 
many as eight inputs, either from the con- 
trolled loads or from other points such as 
panel switches, limit switches, etc. 

The module accepts six switching or logic 
level inputs (5 VDC) and two voltage com- 
parator inputs (to ± 12 VDC). The B-80 pro- 
vides eight outputs rated for 115 VAC @ 0.5 
A with 2500 VAC isolation between loads. 
Operating temperature is 0 thru 70°C. No 
special power supply is needed; the unit 


Mechanical Design Notes 

/1/xec hanical engineers will find many 
1 useful suggestions in a series of 
technical bulletins issued by CAM 
Technology, Inc. The latest, “Useful Rela- 
tionships Between Cam Curvature and Ac- 
celeration Force,” provides a simplification 
of the standard radius of curvature formulas 
which apply rigorously in special but fr e- 
quently encountered cases and offers ap- 
proximations to many more. The bulletin 
permits such determinations as acceleration 
forces directly from a radius trace of a 
physical cam segment and quick assessment 
of the undercutting limitations of a con- 
templated cam design. 

For a copy of Technical Bulletin #12, write 
or call Ted Weber, Jr., Chief Engineer, Cam 
Technology, Inc., 369 Bradhurst Ave., 
Hawthorne, NY 10523, telephone (914) 
747-0006. Circle 25 



operates from the TRS-80 Color Computer 
supply. Board size is 4 by 6 in. 

Unit price is $137.25 in small quantities. 
For more information, contact: James R. 
Dyne, Sales Manager, New England Instru- 
ment Co., Kendall Lane, Natick, MA 01760, 
telephone (617) 875-9711. Circle 24 


New Robot Publication 

ersonal Robotics Magazine, is devoted 
exclusively to people interested in the 
field of personal robotics. The premier issue 
included an article comparing three of the 
most popular robots, HERO 1, the RB5X, 
and Androbot’s BOB. The issue also con- 
tains news of the personal robot industry 
and essays with thought-provoking ideas. 
The goal of Personal Robotics Magazine is 
to provide both present and potential 
owners of personal robots with useful infor- 
mation, and to provide a forum for personal 
robot users. A subscription to the bimonth- 
ly magazine is $12.00. 

For more information, contact: PRM- 
Subscription Department, PO Box 421, 
Rheem Valley, CA 94570. Circle 26 





Z8 Operating System 

/l^icro-EZ/OS is a real-time, multitask- 
1 r x ing operating system for the Z8 family 
of single-chip microcomputers. Micro-EZ/OS 
is designed to be a base for application pro- 
gram development. The system supports the 
system designer in developing real-time con- 
trol applications. Micro-EZ/OS is compact 
and uses only 400 bytes of program memory 
and 10 bytes of data memory. Designed to 


lower new product development costs and 
improve system reliability, Micro-EZ/OS 
allows up to 16 concurrent control tasks to 
execute in a single-chip or expanded- 
hardware environment. Standard functions, 
such as display driving and keyboard scan- 
ning, can be implemented as separate con- 
trol tasks. Built-in system services provide 
memory allocation, time base assignment, 


task synchronization, and scheduling 
functions. 

Available on ISIS or CP/M diskette, or 
EPROM, the $750 package includes a com- 
plete user’s guide and examples of ready-to- 
run application tasks. For more information, 
contact: Ed Thompson, Micro Computer 
Control, PO Box 275, Hopewell, NJ 08525, 
telephone (609) 466-1751. Circle 27 
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Low-Cost Controller 
with BASIC 



T he MC-1N is a versatile, self-contained, 
single-board microcontroller system 
that is quick and easy to program with its 
resident Tiny BASIC interpreter. By simply 
applying 5 V and connecting an RS-232 
compatible terminal, program development 
may begin. The resident Tiny BASIC 
language allows you to type in and im- 
mediately execute your programs in a high- 
level language. 

The 3 by 4 in. board contains a 4.0 MHz 
INS8073 processor with resident Tiny 
BASIC Interpreter, real-time clock, 2 Kbytes 
of programmable memory, a socket for 2716 
or 2732 EPROM, RS-232 connector, and 
29 I/O lines including two interrupt inputs 
and three flag outputs. 

The MC1N microcontroller is priced at 
$139 in quantities of one. For more infor- 
mation, contact: Basicon, Inc., 7713 SW 
Nimbus, Bldg. 31, Beaverton, OR 97005, 
telephone (503) 626-1012. Circle 28 


IEEE-488-Compatible 
Stepper Motor Drive 
Interface 



T he 1185A from PKS-Digiplan, Ltd. en- 
ables one or more stepper motor 
drives to be controlled directly by any pro- 
cessor or programmable calculator having 
an IEEE-488 bus facility. The 1185A 
eliminates the need for specialized hardware 
and allows the use of a high-level language 
such as BASIC, FORTRAN, or C for motor 
control. 

The 1185A is based on an Intel 8039 
microprocessor. Connection to the IEEE- 
488 Bus allows designers to economically 
daisy-chain a multi-axis system. If it is 
necessary to move numerous motors at the 
same time, the 1185A can drive up to 42 
separate axes simultaneously. 

For more information, contact: Impact, 
550 St. Charles Dr., Suite 107, Thousand 
Oaks, CA 91360, ATTN: PKS. 
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PIC Your Gears 

DlC (Precision Industrial Components) 
1 Design publishes two catalogs of stan- 
dard precision mechanical components in- 
cluding gears, shafts, bearings, mounting 
assemblies, couplings, clutches, belts, lamps, 
speed reducers, gear boxes, dials, knobs, 
hangers, and springs. 

PIC caters to both the OEM purchaser 
and the purchaser requiring prototype quan- 
tities. The catalogs also contain a chapter 
describing a series of educational and pro- 
totype kits. Of particular interest is the 
“Electromechanical Control Systems Educa- 


tional Kit” which demonstrates transducer 
input and output, feedback, proportional 
control, motor speed characteristics, 
response time, systems lead/lag time, gear 
ratios, loading, and analog control. 

Catalog 38 contains a full complement of 
components specified to English measure- 
ments. Catalog Mia is its Metric counterpart. 

To receive copies of the catalog(s), con- 
tact: PIC design, PO Box 1004, Benson Rd., 
Middlebury, CT 06762, telephone (800) 
243-6125, or (203) 758-8272. 
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Movit Line TVacer 

C^tock Model Parts is marketing the 
Movit line tracer robot which utilizes 
an infrared light sensor to follow any black 
line. A black felt tip marker or tape can be 
used to create a straight or curved pathway, 
at least 3/8 in. wide, on any white paper or 
white floor area. Applications include school 
science projects and robotics courses. 

The three-wheeled robot is offered in easy- 
to-assemble kit form. All electronic circuits 
are contained in two pre-assembled and pre- 
tested printed circuit boards. Only mechani- 
cal assembly is required. The 5 Mj in. dia- 
meter, 2V2 in. high robot consists of 55 
major components plus over 130 fasteners. 
The robot’s power source consists of one 9 
V battery and two AA batteries (not 
included). 

For more information about the $44.95 
Line TVacer II robot, contact Stock Model 
Parts, Division of Designatronics, Inc., 54 
South Denton Ave., New Hyde Park, NY 
11040, telephone (516) 328-3333. 
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Nitinol for Sale 

r iNi Sales is a supplier of nitinol, a 
shape memory effect alloy made from 
nickel and titanium. Their nitinol product 
is a drawn wire which can be used for 
various experiments. A 1 ft. length of wire 
costs $6.00, a 10 ft. length costs $40. TiNi 
Sales also sells a manual titled How to Work 
With Nitinol which should be very instruc- 
tive to anyone wanting to work with various 
shape memory alloys. The manual describes 
how to shape, anneal, and train nitinol and 
contains several project ideas. 

The TINI-1 Engine is a heat-activated 
engine which uses SMA motion as its motive 
force. The engine requires only cupfuls of 
hot and cold water to start operating. 

For more information about nitinol prod- 
ucts and the TINI-1 Engine, contact TiNi 
Sales, 3593 Boyer Circle, Lafayette, CA 
94549. Circle 32 



Honeywell Motor Prod- I 
ucts Division has a new name. 

We are now known as “Pacific j 
Scientific Motor and Control Di- j 
vision.” The acquisition took 
place earlier this year so our . 
products will have a new label, 
but nothing else has changed. 

We’re going to continue to operate and 
grow in Rockford, Illinois. And our staff of 
professionals will continue to design, manu- 
facture and deliver the highest quality, 
special purpose electric motors and brushless 
controls available. Our new parent company, 
Pacific Scientific, is lending increased sup- 
port to the development of exciting new prod- 
ucts. In fact, several additions to our product 
line will soon be introduced. 


So, while our labels have 
changed, the ingredients of out- 
standing quality, service, engi- 
neering and delivery will stay 
the same. 

For all your special pur- 
pose electric motor needs in- 
cluding permanent magnet 
iron core, low inertia, brushless motors and 
controls, or electric generators, think of 
Pacific Scientific. 


p aciFic® 
scienTiFic 

P.O. Box 106 • Rockford, Illinois 61105-0106 • 
(815)966-3600 • Telex 257-315 
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